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A €RON UTRON I C  D I V I SION 

S E C T I O N  1 

INTRODUCTION 

A e r o n u t r o n i c  D i v i s i o n  of Ford Motor  Company, u n d e r  JPL 
C o n t r a c t ,  i s  d e v e l o p i n g  m a j o r  s u b a s s e m b l i e s  of t h e  l a n d i n g  s p h e r e  
a s sembly  f o r  t h e  Lunar  F a c s i m i l e  Capsu le  (LFC). The LFC i s  b a s i c a l l y  
t h e  Ranger  Se ismometer  Capsu le  w i t h  a h i g h - r e s o l u t i o n  f a c s i m i l e  d e v i c e  
r e p l a c i n g  t h e  s e i s m o m e t e r  e x p e r i m e n t .  The LFC t r a n s m i t s  d a t a  t o  
r e p r o d u c e  on e a r t h  a c o m p l e t e  360-degree  panoramic  v i ew of t h e  l u n a r  
t e r r a i n  s u r r o u n d i n g  t h e  landed c a p s u l e .  The v i e w i n g  s y s t e m  s c a n s  from 
10 d e g r e e s  above t h e  h o r i z o n  t o  w i t h i n  4 f e e t  of t h e  c a p s u l e ,  i s  i n  
f o c u s  from a b o u t  4 f e e t  t o  i n f i n i t y ,  and h a s  a n  a n g u l a r  r e s o l u t i o n  
a p p r o a c h i n g  0 . 1  d e g r e e .  The f a c s i m i l e  p i c t u r e  i n c l u d e s  an  a c c i i r a t e  
p r o f i l e  o f  t h e  e n t i r e  l u n a r  h o r i z o n ,  as  w e l l  a s  r e s o l u t i o n s  down t o  
0 . 1  i n c h  i n  t h e  n e a r  f i e l d .  

The LFC development  i s  p l anned  i n  t h r e e  p h a s e s .  E f f o r t  i s  
c u r r e n t l y  a u t h o r i z e d  on P h a s e  I ,  c o v e r i n g  a n  8-month p e r i o d ,  w i t h  tlie 
p r i m a r y  o b j e c t i v e  of d e m o n s t r a t i n g  the  a b i l i t y  o f  t h e  p r o t o t y p e  LFC t o  
a s i m u l a t e d  l u n a r  i m p a c t .  The comple t e  v i e w i n g  s y s t e m ,  w i t h  i t s  
a s s o c i a t e d  a z i m u t h  d r i v e  a n d  e x t e n s i o n  mechanisms i n s t a l l e d  i n  a 
p r o t o t y p e  s t r u c t u r e ,  w i l l  be s u b j e c t e d  t o  a s i m u l a t e d  l u n a r  i m p a c t ,  
f o l l o w e d  by f u n c t i o n a l  t e s t i n g .  Fo l lowing  f u r t h e r  deve lopment  t o  
c o r r e c t  any d e f i c i e n c i e s  i n  t h e  f i r s t  p r o t o t y p e  t e s t ,  a s econd  p r o t o -  
t y p e  v i e w i n g  s u b s y s t e m  w i l l  b e  impacted and s u b j e c t e d  t o  f u n c t i o n a l  
t e s t i n g .  An o b j e c t i v e  o f  t h e  f u n c t i o n a l  t e s t s  w i l l  be t o  s c a n  and 
r e c o r d  a t  l e a s t  one  360-degree  f a c s i m i l e  p i c t u r e ,  f o l l o w e d  by r e p r o d u c -  
tior! n f  a f i o t o  f a c s i m i l e  i j i t h  a d e v e l o p m e n t a l  rE.producLion s y s t e m .  

-1 - 



Ph , , s c  I a l s o  includes e f f o r t  .,n .a i - , re . tdhonrd  p o r t i n g  mechanism 
 id i p r o t \ ) t - ; ~ t -  ) L i i i - z t ; i t e  t r c i n s p i t t t . r .  J ' l i t a  1 > . ) r c i r i o  intAchanisnI e f f o r t  
w i l l  investrgatt il>n,iwic porting c >,iri( t c r i s : i L  .- t t )  : > r L d ~ L e  v i t a l  d e s i g n  
d j t a  I n i t h  s p e c '  11 ? t t c . n t i o n  t o  r e J c t i o n  impulqe . ind t i p o f f  e f f e c t s  w h i c h  
m i g i t  I T ~ J ~ L  t u r n  the l ' i nd ing  s p h e r e  . i~sembLy.  The t r ' i n s r i  t t e r  s h a l l  b e  
d e v e l a p e d  t o  meet t h e  power and e f f i c i e n c y  o b j e c t i v e s  o f  t h e  LFC d e s i g n  
and s h a l l  be packaged  i n  a n  assembly  c o m p a t i b l e  w i t h  t h e  pay load  s p h e r e  
con f i g u r a  t i on. 

The Phase I e f f o r t  i s  n o t  dependen t  upon development  e f f o r t s  
of any  o u t s i d e  s u b c o n t r a c t o r .  

1 
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SECTION 2 

SUMMARY OF PROGRAM STATUS 

E f f o r t  o n  a l l  t a s k s  i s  p r o g r e s s i n g  e s s e n t i a l l y  a s  p l a n n e d .  
F i n a l  Des ign  Reviews have  been h e l d ,  and d r a w i n g s  of t h e  f i r s t  p r o t o -  
t y p e  h a v e  been r e l e a s e d .  $ 

D e v e l o p n e n t a l  and b readboard  models o f  m s t  s u b a s s e n b l i e s  
h a v e  b e e n  f a b r i c a t e d  and f u n c t i o n a l  t e s t s  of  t h e s e  b r e a d b o a r d s  
i n i t i a t e d .  The c o m p l e t i o n  of f a b r i c a t i o n  of  p a r t s  f o r  p r o t o t y p e  sub -  
a s s e m b l i e s  i s  t a k i n g  s l i g h t l y  l o n g e r  t h a n  e x p e c t e d ;  however ,  t h e  program 
s c h e d u l e  i s  n o t  c o n s i d e r e d  t o  be i n  s e r i o u s  j e o p a r d y  a t  t h i s  time. 

T a b l e  I p r e s e n t s  a s t a t u s  summary o f  e a c h  t a s k .  

-3  - 
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Task 

1. P r e l i m i n a r y  Des ign  and 
Q u a l i t y  Assu rance  

2 .  P r o t o t y p e  Top Tube 
Development 

3 .  P r o t o t y p e  Azimuth Dr ive  
and E x t e n s i o n  Mechanism 
Development 

TABLE I 

PROGRAM STATUS 

S t a t u s  

A s s e m h  l y  D e  s i g n  Review. Conducted 
F i r s t  P r o t o t y p e  Assembly Drawings 

R e  l e a s e d  
R e l i a b i l i t y  A n a l y s i s  and F a i l u r e  

Mode Study P u b l i s h e d  
Redundancy S tudy  Completed 
Dummy S u ba s semb 1 i e s Fa b r i c a t e  d 
P r o t o t y p e  Pay load  S i z e  F r o z e n  
P r o t o t y p e  Weight  and Volume A l l o c a -  

t i o n s  Forma l i zed  

Des ign  Review Conducted 
Des ign  of P r e a m p l i f i e r s  Completed 
F i r s t  P r o t o t y p e  Des ign  R e l e a s e d  
F a b r i c a t i o n  of P a r t s  f o r  F i r s t  

D e  s i g n  Spec  i f i ca t i o n s  Rcv i sed 
D e l i v e r y  of P a r t s  Delayed 
Motor  Does Not Meet s p e c i f i c a t i o n s  
Vacuum T e s t s  Complete 
P r e p r o t o t y p e  Impact  Tes t  Complete 
New S e n s o r s  Rece ived  and Measured 
P r e a m p l i f i e r  Packaging  Near ing  

P r o t o t y p e  i n  P r o g r e s s  

Comp 1 e t i on 

Des ign  Review Conducted 
F i r s t  P r o t o t y p e  Des ign  R e l e a s e d  
Azimuth Dr ive  Gear  Heads and Moto r s  

P r o c u r e d  
E x t e n s i o n  Mechanism Developmenta l  

Model Assembled and Tests i n  
P r o g r e  s s 

Comp 1 e t e  
F i r s t  P r o t o t y p e  P a r t s  Nearly 

Des ign  S p e c i f i c a t i o n s  Rev i sed  
P r o t o t y p e  Drawings R e l e a s e d  
Motors  Do Not Fleet S p e c i f i c a t i o n s  

- 4 -  
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T a s k  

I 
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I 

Task 

8 .  Breadboard P o r t i n g  Mechanism 
Development 

9 .  P r o t o t y p e  T r a n s m i t t e r  
Development 

10. Systems I n t e g r a t i o n  

- s t a t u s  

Second Phase  T e s t s  Completed 
E v a l u a t i o n  o f  T e s t  R e s u l t s  Completed 
F i n a l  R e p o r t  i n  P r e p a r a t i o n  . 
Design  Review Conducted 
R e d e s i g n  and Layout  N e a r l y  Complete 
P r e p r o t o t y p e  Tes t  Hous ings  F a b r i c a t e d  
Design S p e c i f i c a t i o n s  Re leased .  

S i g n a l - t o - N o i s e  A n a l y s i s  Complete  
O p t i c a l  P a r a m e t e r s  F o h a l i z e d  
Launch and T r a j e c t o r y  C o n s t r a i n t s  

F u n c t i o n a l  T e s t  T a r g e t s  and L i g h t i n g  
Spec i € i e d 

Being S p e c i f i e d  

- 6 -  
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SECTION 3 

SYSTEM CONSIDERATIONS 

3 .1  PAYLOAD PRELIMINARY DESIGN 

P h a s e  I pay load  G r e l i m l n a r y  d e s i g n  e f f o r t  i n c l u d e s  t h e  d e s i g n  
of  a c o n f i g u r a t i o n  l a y o u t  and t h e  s p e c i f i c a t i o n  of i n t e r f a c e s  f o r  t h o s e  
s u b a s s e m b l i e s  u n d e r  p r o t o t y p e  deve lopmen t .  The e f f o r t  a l s o  i n c l u d e s  
r e v i e w ,  u p g r a d i n g ,  and r e c o r d i n g  o f  subassembly  p h y s i c a l  r e q u i r e m e n t s  
o f  t h o s e  s u b s y s t e m s  u n d e r  p r e p r o t o t y p e  d e v e l o p m e n t .  Dur ing  t h i s  r e p o r t -  
i n g  p e r i o d ,  m a j o r  emphas i s  h a s  been p l a c e d  upon t h e  a r e a s  d e s c r i b e d  
be low.  

A Des ign  Review of  t h e  LFC F l i g h t  Assembly ( P r e l i m i n a r y  Des ign )  
h a s  b e e n  h e l d ,  and no s i g n i f i c a n t  changes  were recommended. The p a y l o a d  
d e s i g n  c o n c e p t  r e t a i n s  t h e  c a p a b i l i t y  o f  n o n d e s t r u c t i v e  r e p l a c e m e n t  a n d /  
o r  r e p a i r  o f  m a j o r  s u b a s s e m b l i e s  i n c l u d i n g  i n t e r c h a n g e a b i l i t y  o f  compo- 
n e n t s  and s u b a s s e m b l i e s .  

The p a y l o a d  power s u p p l y  h a s  been r e v i s e d  t o  1 1 . 7  pounds and 
a minimum of  2 . 9  pounds o f  t h e r m a l  c o n t r o l  f l u i d  h a s  been a l l o c a t e d  a s  
a r e s u l t  o f  d e c r e a s i n g  t h e  s t e a d y  s t a t e  power r e q u i r e m e n t  from 45 t o  38 
w a t t s .  T h i s  w i l l  p r o v i d e  1 5 . 4  h o u r s  of o p e r a t i o n  on t h e  l u n a r  s u r f a c e  
and a p p r o x i m a t e l y  700 d e g r e e s  o f  p i c t u r e  v i e w i n g  a n g l e .  I n  a d d i t i o n ,  
a d i o d e  p r o t e c t i o n  c i r c u i t  h a s  been s e l e c r e d  t o  p r o v i d e  a r edundancy  
f e a t u r e  i n  t h e  LFC Power S u p p l y .  

A t r i p  was made to  E l e c t r i c  S t o r a g e  B a t t e r y  Company, R a l e i g h ,  
N o r t h  C a r o l i n a ,  t o  d i s c u s s  t h e  LFC b a t t e r y  r e q u i r e m e n t s  , o b t a i n  r e v i s e d  
es t imates  o f  p e r f o r m a n c e  and p r e s e n t  s e v e r a l  a l t e r n a t e  c o n f i g u r a t i o n s  
for c o n s i d e r a t i o n .  ESB a n t i c i p a t e s  t h a t  t h e  s t o r a g e  c a p a c i t y  o f  t h e  
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b d t t e r y  will  be .+bout 20 p e r c e n t  higi ier  t h a n  tlie p r e l i m i n a r y  d e s i g n  
ind ica t r . d  and e s s e n t i . i l l . /  c c > t i f i r m e d  t h a t  t h e  s e l e i  ccd  pdr'3rneters were 
e n t i  r e l y  a d e q u a t e ,  and i n  s e v e r a l  c a s e s  c o n s e r v a t i v e ,  The e x p e c t e d  
o p e r a t i o n a l  l e v e l  01  t h e  h t t e r y  i s  a maximum of  30 v o l t s  and a 
minimum of  2 6  v o l t s ,  which i:- a c c e p t a b l e  f o r  Lhe e l e c t r o n i c  subassem- 
b l i e s .  The RF o u t p u t  of t h e  t r a n s m i t t e r  w i l l  v a r y  between 2 . 5  and 3.0 
wa t t s  o v e r  t h i s  v o l t a g e  r a n g e .  

A s u r v e y  h a s  been made t o  d e t e r m i n e  i n  what  a r e a s  redundancy 
t e c h n i q u e s  c o u l d  b e  employed i n  t h e  LFC p a y l o a d  s p h e r e .  A summary of 
t h e s e  a r e a s  i n c l u d e s  t h e  f o l l o w i n g :  

Redundant  b a t t e r y  u t i l i z i n g  d i o d e  p r o -  
t e e  t i o n  c i r c u i t .  

, 

Redundant  e l e m e n t s  i n  t h e  e x t e n s i o n  
mechanism t o  a i d  i n  e r e c t i o n  and l o c k i n g .  

Redundant  m c t o r  and g e a r  box i n  t h e  az imuth  
d r i v e  u t i l i z i n g  one-way c o u p l i n g s  on t h e  
worm shaf t .  

Redundant  a n t e n n a s  o r p a s s i v e  c a v i t y  
a n t e n n a  . 

P a r a l l e l  ' g '  s w i t c h e s  tn JL LivaLe Lhe .;cqciencc 
t imer . 

Redundant  s q u i b s  f o r  p o r t i n g ,  c a g i n g ,  2nd 
s w i t c h i n g  . 

Two s e p a r a t e  w a t e r  t anks  and v a l v e s  f o r  
t e m p e r a t u r e  c o n t r o l .  

Redundant  c i r c u i t r y  and r e d u n d a n t  mode 
o p e r a  t i o n  i n  t;ie motor d r i v e  e l e c t r o n i c s  and 
s i g n a l  and s y n c h r o n i z a t i o n  e l e c t r o n i c s .  

P a r t i a l  r e d u n d a n t  c i r c u i t r y  by p a r a l l e l  
o p e r a t i o n  o f  t h e  components as  w e l l  a s  c o n -  
s i d e r a t i o n  of  c o m p l e t e l y  r e d u n d a n t  t r a n s m i t t e r .  

Redundant  components i n  t h e  t o p  t u b e  i n c l u d i n g  
s c a n n i n g  mechanism,  s e n s o r  and p reamps .  
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Some o f  tliese e1criienCs a r e  p r e s e n t l y  i n c l u d e d  i n  t h e  f i r s t  p ro toLype  
s u b n s s e n l l i e s ;  f o r  t x n m p l c ,  component f a i  l r l r c x  ~ ~ 1 c l - 1  < I S  s w i  tcl1t.s co1,ld 
c ~ ~ c u r  (ind s t i l l  p r - c ~ \ ~ i d (  a < ; i ~ i s f , i c  t c i !  : 1 1 i t  d ~ g r ~ i d ~ ~ i  p i i  t l i e .  n t 1 1 t ~ r s  
would be  more s e r i o u s l y  c o n s i d e r e d  d u r i n g  P h a s e  I1 w h i l e  t h e  r e m a i n i n g  
m,3y n o t  p r o v e  p r c ~ c t i c a b ! c  ‘ s t  c i l l .  

Weight  d l l o c a t i o n s  n a v e  b e e n  r e v i s e d  t o  be  c o m p a t i b l e  w i t h  
p r o t o t y p e  s u b a s s e m b l i e s  ‘1s shown i n  T a b l e  11. Most o f  t h e  f i r s t  p r o t o -  
t y p e  s u b a s s e m b l i t  s have  been  weighed .  Thc s i g n i f i c a n t  changes i n c l u d e  
inc rease  i n  p a y l o a d  s i r u c t u r e  we igh t  to now i n c l u d e  a l l  h a r d w a r e  and  
f‘isteners and  ri d e c r e , i s e  i n  t h e  p , i y l o ~ t l  power s u p p l y  b c c a u s e  of lower  
power consumpt ion .  I n  a d d i t i o n ,  the w e i g h t  a l l o c a t i o n  f o r  t h e  a z i m u t h  
t u b e  h a s  been  t r L i n s f e r r e d  f r o m  t h e  exLens ion  mechanism. The f i r s t  
p r o t o t y p e  t e s t  s p l i r r e  i s  e x p e c t e d  t o  k e i g h  4 3 #  9 p o u n d s  n o t  i n c l u d i n g  
a g rowth  allowance of 0 . 1  p o ~ n d .  

Some d i f f i c u l t y  h a d  1)een c x p c r i e n c r d  i n  t h e  f j b r i c c i t i n n  o f  
e x t e n s i o n  t r ibes  because  c l f  t h i n  w a l l s  and c o n s i d e r L i  t i  o r i  w ,I 5 g i v r  n 
t o  i n c r e a s i n g  t h e  w ; i l I  t : i i c l<ness  t o  castf i  m a n u f a c t u r e .  ?lore r t , i ~ c n t 1 y ,  
v e n d o r s  have  been p r o d u c i n g  d c c e p t a b l e  p a r t s ,  and t h e r e i o i c  I ’ I ’  1 

i n  t h e  d e s i g n  i s  a n t i c i p a t e d  at Khis t i n e .  

F . i b r i c a  t i a n  o f  d l 1  drimny su : i a s s i* rnb i i c :  
m e n t a l  and f i r s t  p r o t o t y p e  t e s t s  i s  now C C J I T ~ ~ P L ~ .  . 
11 cu s i n g  c 1 c1 s t: 1 y s i m u  1 a t i n  g t. h c> p 1.0 t o  t yp  (’ t r a n  sm i 
i s  t o  b e  i n c l u d e d .  

3 .  ?. SYSTEM STUDIES 

LFC power consumpt ion  i s  c u r r e n t l y  e s t  mated a t  35 .85  w a t t s .  
In o r d e r  t o  p r o v i d e  a more r e l i a b l e  b a t t e r y ,  i t  has  been  deF ided  t h - i t  
f o u r  i d e n t i c 4 1  15 1;nir mpdu!er: will Lie used 2nd t h e  m:x!u!es will b e  
p r o t e c t e d  by d u a l  di.odc s e p a r a t i o n  a s  shown i n  F i g u r e  1 .  T h i s  c i r c u i t  
p r o v i d e s  p a r a l l e l  d i o d e  p r o t e c t i o n  of e a c h  c e l l  and a l l o w s  a n y  o n e  
cell ( o r  module)  t o  f a i l  o r  a n y  two c e l l s  ( o r  modules)  t o  f a i l  p r o v i d i n g  
t h e y  a r e  n o t  a t  the same v o l t d g e  l e v e l .  E s t i m a t e d  power consumpt ion  o f  

-9 - 



TABLE 11 

LL'SAR FACSIXILE CAPSULE XEIGHT SL?.MARY 

Weight, lb 
Pr e v iou  s * Pres en t 

Top tube assembly 
Azimuth drive assembly 
Extens ion mechanism 
Porting mechanism 
Cageluncage system 
Payload sequencing unit 
Transmitter and VCO 
Payload power supply 
Signal and synchronization electronics 
Motor drive electronics 
Thermal control system 
Payload structure 
Ba 1 last 
Wiring 
Growth a1 lowance 
Instrument payload 
Flotation fluid 
Flctation fluid shell 
'Impact limiter 
Covers 
A t  t ac hmen t s 
Landing sphere 
Power and sequencing assembly 
Vibration damper assembly 
Upper clamp assembly 
Attachments 
Retromotor payload 
Retromotor 
Spin motor and attachments 
Lower clamp assembly 
Retromotorllanding sphere 

Therm 1 radia t i o n  shie Id assembly 
Altimeter and support assembly 
Bus-mounted capsule 

s 1.1 p For t s t ruc Cure a nd a t t a c hme n t s , 

Estimate 
1.2 
0 . 4 5  
0 . 4 0  
5 .O 
1 . 5  
0 . 7  
2 . 8  

1 3 . 4 5  
0 . 8 5  
0 . 7  
4 .O 

1 1 . 5  
0 . 5  
1 . o  
0 

4 4 . 0 5  
2.33 
4 . 6 6  
29.86 

5 . 8  
1 . 6  

8 8 . 5  
1.22 
0 . 9 8  
0 . 2 3  
0.44 

9 1 . 4  
2 1 4 . 7 4  

7 -04  
1 * 14 

3.50 
4.83 
10.38 

3 3 3  .O 

Est ima te 
1.2 
0.60 
0.30 
5 .O 
1 . 5  
0 . 7  
2 . 8  b 

1 2 . 7 5  
9 . 6 5  
0 . 7 0  
4 . o  
11.95 
0 . 5  
1.0 
0.1 

4G .O 
2 . 3 3  
5 . 8 6  

2 9 . 8 6  
5 . 8  
1 . 6  

8 8 . 5  
1 . 2 2  
0 . 9 8  
0 . 2 3  
0 .ic4 

9 1 . 4  
2 1 4 . 7 4  

7 . 0 4  
1 . 1 4  

3,50 
4.83 

1 0 . 3 8  
3 3 3 . 0  

*Expected weight as of  2 2  Feb. 1963 
as reported in Bi-Monthly Technical Progress Report N o .  2 
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t h e  d i o d e s  i s  2 . 1 5  w a t t s ;  t h u s  t h e  o v e r a l l  power r e q u i r e d  i s  38 w a t t s .  
W i t h i n  t h e  c u r r e n t  1 4 . 6  pounds we igh t  a l l o w a n c e  f o r  b a t t t z r y  and t h e r m a l  
c o n t r o l  f l u i d ,  i t  i s  e s t i m a t e d  t h a t  15 . &  h o u r s  o f  o p e r a t i o n  ( 6 9 6  d e g r e e s  
of p i c t u r e )  i s  a v a i l a b l e  w i t h  a 50 wa t t -hour /pound  b a t t e r y .  However, 
a s suming  a d e n s i t y  o f  45 w a t t - h o u r / p o u n d ,  t h e n  t h i s  c o u p l e d  w i t h  t h e  
w a t e r  r e q u i r e d  f o r  h e a t  d i s s i p a t i o n  l e a v e s  6 . 7  pounds o f  w a t e r  and 
b a t t e r y  f o r  a d d i t i o n a l  c o v e r a g e  a f t e r  one 360 d e g r e e  p i c t u r e  i s  o b t a i n e d  
i n  t h e  f i r s t  8 h o u r s  o f  o p e r a t i o n .  F i g u r e  2 shows t h e  a v a i l a b l e  c o v e r -  
a g e  l e f t  f o r  a d e l a y e d  second p i c t u r e .  

F i g u r e  3 i s  a compos i t e  c h a r t  i n d i c a t i n g  t h e  dependence  
1)etween o p t i c a l  p a r a m e t e r s .  S e l e c t i o n  o f  any f o u r  i n d e p e n d e n t  param- 
e t e r s  i s  necessclry and s u f f i c i e n t  t o  e s t a b l i s h  v a l u e s  f o r  t h e  r e m a i n i n g  
f o u r  p a r d m e t e r s .  The o p t i c s  p a r a m e t e r s  f o r  t h e  LFC p r o t o t y p e s  h a v e  now 
been  f i r m l y  e s t a b l i s h e d .  Data  o f  i n t e r e s t  a r e  shown i n  T a b l e  111. The 
o p e r a t i n g  p a r a m e t e r s  g i v e n  above  a r e  shown i n  F i g u r  e 3 y i e l d i n g  a 
d e p t h  of  f o c u s  of 3 m i l l i m e t e r s  and a f o c a l  r a t i o  o f  a b o u t  f/24. The 
l r n s  d p c r t u r e  i s  g r e a t e r  by more than a f a c t o r  o f  4 t h a n  t h a t  r e q u i r e d  
by t h e  Rdyleigh c r i t e r i L ) n  t o  be a s s u r e d  t h a t  o p t i c a l  r e f r a c t i o n  w i l l  
n o t  p r e s e n t  s e r i o u s  3 e y r c i d d t i o n .  T h e  a n g u l a r  r e s o l u t i o n  r e f e r r e d  t o  i n  
F i g u r e  3 i s  t h a t  w'iich ~ c t u r s  a t  the  h y p e r f o c a l  d i s t a n c e .  The r e s o l u -  
t i o n  v a r i e s ,  however ,  t h r o u g h o u t  t h e  d e p t h  o f  f i e l d  b u t  n e v e r  g e t s  worse  
t h a n  t w i c e  t h a t  a t  t h e  h y p e r f o c a l  d i s t a n c e  a s  shown i n  F i g u r e  4 .  

The l e n s  i d i l l  be a c o a t e d  a c h r o m a t i c  c o n t a c t  d o u b l e t  of  
o r d i n a r y  crown and  r ' i i l l t  c o r r e c t e d  f o r  wave l e n g r h s  9.55 and 0.95 
m i c r o n s .  The viewin:, window w i l l  be c o a t e d  fuzed  q u a r t z .  Two t y p e s  
of m i r r o r s  a r e  c u r r e n t l y  b e i n g  c o n s i d e r e d  and  t e s t e d .  The m i r r o r s  t o  
be used  w i l l  be e i t h e r  (1) aluminum d e p o s i t e d  on  fuzed  q u a r t z ,  o r  
( 2 )  aluminum d e p o s i t e d  on a p o l i s h e d  n i c k e l  s u r f a c e ,  System measure -  
men t s  o f  t r a n s n i s s a b i l i t y  have  n o t  y e t  been made, however ,  i t  i s  
e s t i m a t e d  t o  be a d o u t  3 . 7 5 .  

Some s t u d i e s  have  been  completed and o t h e r s  a r e  c o n t i n u i n g  
i n  s u p p o r t  of t h e  s y s t e m  f u n c t i o n a l  demonstrat icxn t e s t s .  V a r i o u s  
methods of a p p r o x i m a t i n g  s o l a r  r a d i a t i o n  have  been r cv fewed .  Some 
f i l t e r e d  s o u r c e s ,  p a r t i c u l d r l y  xenon-mercury c o m b i n a t i o n s ,  h a v e  been 
found t o  p o s s e s s  good s p e c t r a l  a p p r o x i m a t i o n s .  However, m e c h a n i z a t i o n  
w i t h  t h e  vacuum chamber and t o  t h e  i n t e n s i t y  l e v e l s  r e q u i r e d  would be 
e x o r b i  t a n t l y  e x p e n s i v e ,  Moreove r ,  la! ,oratory t e s t s  o f  t u n g s t e n  s o u r c e s  
compared t o  d i r e c t  v i e w i n g  o f  t h e  moon h a v e  shown t h e  p e r f o r m a n c e  may 
r e a d i l y  be compared between t h e  two. I t  h a s  t h e r e f o r e  been  d e c i d e d  t h a t  
t h e  t u n g s t e n  s y s t e m  p r e s e n t l y  a v a i l a b l e  w i t h i n  t h e  vacuum chamber w i l l  
be u t i l i z e d .  

-12- 



A EROhtlJTRON IC D I V  I S l O N  

B A T T E R Y  D E N S I T Y :  &5 WATT- t tOLJRS/POUND 

I 1 I 1 
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D E L A Y  HCTh’f :EN 1 S T  AND 2Xr )  I’TCT{%HE:, tl ‘ K S  
S15134 

FIGLRE 2 .  SECOND PICTURE COVERAGE: AFTER A FIXED D E L A Y .  
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TABLE 111 

PROTOTYPE OPTICAL PARAMETERS 

Lens A p e r t u r e  Diameter  0 .349  cm 
H y p e r f o c a l  D i s t a n c e  200.0 cm 
P i n h o l e  Diameter  0 .015  cm 
D i s t a n c e  Lens t o  P i n h o l e  8 . 6 0  cm 
F o c a l  Leng th  8 . 2 5  cm 
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T a r g e t s  , i r e  p r e s e n t l y  b e i n g  d e s i g n e d  t o  p r o v i d e  s y s  teins t e J t  
dat,a on r c s o l k t i o n ,  l i n c b d r i t y  and d y n a n i c  r d n g e .  T a r g e t  i l l u m i n a t i o n  
w i l l  r a n g e  f rom 25 to  2500 f o o t - L a m b e r t s  e v e n  t h o u g h ,  a s  d i s c u s s e d  
be low,  i t  i s  e x p e c t e d  th ' i t  some of  t h e  b r e a d b o a r d  e l e c t r o n i c  components 
may l i m i t  s y s t e m  r a n g e  c a p a b i l i t y  below 1OO:l .  

T h e  g e n e r a l  s y s t e m  t e s t  c o n f i g u r a t i o n  w i l l  be made up o f  t h e  
a f o r e m e n t i o n e d  " l u n a r  t e s t  s c e n e " ,  t h e  LFC p r o  t o  type  t o p  t u b e  a s s e m b l y ,  
b r e a d b o a r d  v e r s i o n s  of a s s o c i a t e d  motor  d r i v e  and s i g n a l  e l e c t r o n i c s ,  
power s u p p l y ,  a m a g n e t i c  t a p e  r e c o r d e r  and t h e  b r e a d b o a r d  LFC ground 
r e p r o d u c e r .  Composi te  d a t a  and 400 c y c l e  p e r  second r e f e r e n c e  s i g n a l  
w i l l  be p r o c e s s e d  i n  r e a l  t i m e  f o r  r e p r o d u c t i o n  on t h e  ground r e p r o d u c e r  
and a l s o  r e c o r d e d  on m a g n e t i c  t a p e  f o r  s u ' ~ s e q u e n t  p l a y b a c k  a n d  
r ep roduc  t i o n .  

The p r o t o t y p e  t o p  t u b e ,  wliich i n c l u d e s  t h e  s e n s o r / p r e a m p  
e l e c t r o n i c s  i s  d e s i g n e d  f o r  t h e  l u l l  40 db  dynamic r a n g e  and f r e q u e n c y  
r e s p o n s e  r e q u i r e m e n t s .  S i n i l a r i l y ,  t he  b r e a d b o a r d  sync  and s i g  n a 1 
e l e c t r o n i c s  will accomnodate  t h e  i n p u t  s i g n a l  r a n g e  r e q u i r e m e n t s .  I n  
p a r t i c u l a r ,  t h e  s t a n d a r d  I R I G  (5 . 4  Kc) s u b c a r r i e r  f r e q u e n c y  c h a n n e l  
which a c c e p t s  t h e  d a t a  s i g n a l  f o r  s u b s e q u e n t  FPl t r a n s m i s s i o n  o v e r  t h e  
d a t a  l i n k  i s  e s t i m a t e d  t o  p o s s e s s  a &O d b  dynamic r a n g e  unde r  t e s t  
c o n d i t i o n s .  T h i s  i s  based upon s i g n a l  i n s t a b i l i t s  due  t o  l o n g - t e r m  
d r i f t  ,ind temperature and power s u p p l y  v a r i a t i o n s  which c o n t r i b u t e  
u n c e r t a n t i e s  on t h e  o r d e r  o f  1 p e r c e n t  of s i g n a l  r a n g e .  I t  i s  p r e s e n t -  
l y  c o n t e m p l a t e d  t h a t  a C E C  GR-2300 t a p  e r e c o r d e r / r e p r o d u c e r  w i l l  be 
employed t o  r e c o r d  and s u b s e q u e n t l y  p l a y b a c k  t e s t  d a t a .  The dynamic 
r a n g e  c a p a b i l i t y  o f  t h e  r e c o r d e r  coup led  w i t h  no rma l  FM improvement 
o b t a i n e d  i n  FM d i s c r i m i n a t i o n  and added low-pass  f i l t e r i n g  i s  c u r r e n t l y  
u n d e r  i n v e s t i g a t i o n .  Some compromise i n  P h a s e  I s y s t e m  t e s t  dynamic 
r a n g e  r e q u i r e m e n t s  a r e  c o n t e m p l a t e d  i n  c e r t a i n  o f  t h e  a s s o c i a t e d  t e s t  
ha rdwi l r e ;  f o r  example t h e  t a p e  r e c o r d e r .  However, a more e x a c t  e s t i m a t e  
of a c t u a l  o v e r a l l  dvnamic r ange  w i l l  be d e r i v e d  f c ) l l owing  a r e v i e w  of 
v a r i o u s  s u b s y s t e m s  and a s s o c i a t e d  equipment  t e s t  d a t a  w h e n  i t i s  
o b t a i n e d  p r i o r  t o  s y s t e m  te s t i n g .  

F i n a l  e v a l u a t i o n  of t h e  LSX-511 s e n s o r  and f i e l d  e f f e c t  
t r a n s i s t o r  p r e a m p l i f i e r  h a v e  been c o m p l e t e d .  The p e a k  d e t e c t i v i t y  i s  
5 . 4  x 1011 cm-cpsb/wat t  a t  a wave l e n g t h  o f  0 . 9  m i c r o n s  and i t s  n o i s e  
e q u i v a l e t l t  power  ~ X E F )  i s  10-12 W d t t .  ~ i i e  s i g n a l - t u - n o i s e  r a t i o  i n  a 
130 c p s  bandwidth  which c a n  be e x p e c t e d  a t  t h e  o u t p u t  o f  t n e  p r e a m p l i -  
f i e r  i s  shown i n  F i g u r e  5 .  T h i s  pe r fo rmance  i s  based  upon a c c u m u l a t i o n  
of  a l l  n e g a t i v e  t o l e r a n c e s .  Even s o ,  i t  i 5  b e t t e r  by more thqn a f a c t o r  
o f  3 t h a n  t h a t  p r e v i o : . s l y  r e p c r r t e d .  A r e c e n t  t e s t  w i t h  t h i s  s e n s o r  u n d e r  
f u l l  moon e l i m i n a t i o n  y i e l l i e d  r e s u l t s  whiih were w i t h i n  10 p e r c e n t  o f  i t s  
p r e d i c t e d  p e r f o r m a n c e .  
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I f  a l l  o f  t h e  n e g a t i v e  communication t o l e r a n c e s  a r e  a d d i t i v e ,  
t h e n  a power r a t i o  o f  ~ i g ~ a l - t o - r e c c i \ ~ e r  n o i s e  o f  5000: l  ( 3 7  db)  may be 
e x p e c t e d  a t  t h e  o u t p u t  o f  t h e  DSIF phase lock  d i s c r i m i n a t o r .  The l o w  
l i g h t  ( 2 5  foot-1,nml ~ ' 1 . s )  s i g n a l - t o - p r e a m p  n o i s e  power r a t i o  o f  80: 1 
(19 db )  which  i s  p r e s e n t  i n  t h e  c a p s u l e  would be d e g r a d e d  t o  7 8 . 6 : l  
which i s  less  by a f r a c t i o n  of  a d b .  

F u r t h e r  inprovement  i n  s i g n a l - t o - n o i s e  r a t i o  may be g a i n e d  by 
v a r i a t i o n  i n  t h e  o p t i c a l  p a r a m e t e r s .  I f  t h e  r e s o l u t i o n  i s  r e l a x e d ,  an  
improvement i n  s i g n a l - t o - n o i s e  r a t i o  p r o p o r t i o n a l  t o  t h e  f i f t h  power of 
t h e  i n s t a n t a n e o u s  f i e l d  o f  view may be r e a l i z e d .  

I n  f i g u r e  5 ,  a n  r m s  s i g n a l - t o - r m s  n o i s e  r a t i o  o f  3 . 0  o c c u r s  
a t  8 f o o t - L a m b e r t s .  T h i s  may be though t  o f  a s  one "grey" l e v e l  s i n c e  
t h e  e l e c t r i c a l  s i g n a l  c o r r e s p o n d s  t o  t h e  3-sigma v a l u e  of  t h e  n o i s e .  
A t  t h i s  low l i g h t  l e v e l ,  one e x p e c t s  t o  r e c o v e r  t h e  s i g n a l  99 p e r c e n t  
o f  t h e  t i m e :  t h e  p r o b a b t l i t y  o f  t h e  n o i s e  e x c e e d i n g  i t s  3-s igma value 
b e i n g  0 .01 .  T h i s  b e i n g  t h e  c a s e ,  t h e  number o f  s u c h  si ,gnal l e v e l s  
hetween 8 and 2500 f o o t - l a m b e r t s  a r e  more t h a n  300 .  

On t h e  o t h e r  haiid,  f o r  p h o t o g r a p h i c  r e p r o d u c t i o n  and s u b j e c t i v e  
v i e w i n g ,  e number o f  s h a d e ,  o f  g r e y  S has  been d e f i n e d  a s  t h e  r a t i o  
B1B2 5 2s5', Where B 1  and K 2  arc' t he  uppe r  and lower luminance e x t r e m e s .  
A t o t a l  number of g r e y  l e v e l s  f o r  t h e  LFC s y s t e m  g r e a t e r  t h a n  1 3  i s  t o  be 
r t ~ a l i z , r ~ d  from 2 5  t o  2500 f o o t - L a m b e r t s .  

The maximum d i s t a n c e  a t  which p r o t r u d i n g  o b j e c t s  on t h e  l u n a r  
s u r f a c e  c a n  be o b s e r v e d  by  
h e i g h t s  o f  30 i n c h e s  and 60 
i n d i c a t e  t h a t  t h e  d i s t a t i c c s  
r e s p e c t i v e l y  . 

Three  c o n s t r a i n t s  
on s u b s e q u e n t  s e l e c t i o n  o f  
t r a j e c t o r y  have been  s p e c i f i e d .  

h e  LFC i s  shown i n  F i g u r e  6 f o r  v i e w i n g  
i n c h e s .  The c u r v e s  a r e  a s y m p t o t i c ,  and  
t o  t h e  h o r i z o n  a r e  1 . 0 1  a n d  2 . 0 2  mi les  

which  a r e  most l i k e l y  t o  have d i r e c t  b e a r i n g  
aunch  d a t e ,  l aunch  window, and  ea r th -moon  

(1 )  The a n g l e  s u b t e n d e d  by t h e  ea r th -moon  l i n e  
and  t h e  l u n a r  l o c a l  v e r t i c a l  s h o u l d  be no  
g r e a t e r  t h a n  40 d e g r e e s  h a s e d  upon t e l e c o m -  
munica t i uti S O ~ S  i d e r a t  i c n s  . 

( 2 )  The a n g l e  s u b t e n d e d  by t h e  sun-moon l i n e  
and t h e  l u n a r  l o c a l  v e r t i c a l  s h o u l d  be no 
less t h a n  50 n o r  more t h a n  70 d e g r e e s  b a s e d  
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upon good shadow d e f i n i t i o n  and p r e v e n t i o n  
of  d i r e c t  s o l a r  o b s e r v a t i o n ,  r e s p e c t i v e l y .  

( 3 )  The impac t  a n g l e  s h o u l d  be no g r e a t e r  t h a n  
13 d e g r e e s  based  upon t h e  l i m i t a t i o n s  of 
p r e v i o u s  s t u d i e s  o f  t h e  impac t  l i m i t e r  and 
l a n d i n g  s y s  tern. 

3 . 3  SYSTEM ASSEMBLY 

Irrpact  l i m i t e r  d e s i g n  and t e s t  l e v e l s  f o r  t h e  p r o t o t y p e  t e s t s  
h a v e  been r e v i s e d .  To conform w i t h  LFC Phnse I p r o g r a ~ n  r e q u i r e m e n t s ,  a 
s i n g l e  p a y l o a d  o f  1 0 - 3 / 4  i n c h e s  i n  d i a m e t e r  w i l l  be u t i l i z e d .  A l l  
f l o t a t i o n  f l u i d  s h e l l s  and l i m i t e r s  w i l l  a l s o  be  t h e  same s i z e  t h r 2 u g h -  
o u t  P h a s e  I to  a l l o w  f o r  t i m e l y  p rocuremen t  o f  t h e s e  components .  
D e v i a t i o n s  i n  s i z e  may be accommodated i n  P h a s e  11. 

During t h e  e a r l y  p o r t i o n  of  P h a s e  I ,  a 2 4 . 6  i n c h  diameter  
i m p a c t  l imi t e r  was d e s i g n e d  u s i n g  t h e  l a n d i n g  s p h e r e  we ighc  o f  8 6 . 9  
pounds .  T h i s  c o n t a i n e d  a 4 3 . 1  pound 1 0 - 3 / 4  i n c h  d i a m e t e r  i n s t r u m e n t  
s p h e r e .  E x p e r i e n c e  from Ranger  Seismometer  C a p s u l e  Program h a s  i n d i c a t -  
ed  t h a t  a 10 p e r c e n t  e n e r g y  a b s o r p t i o n  d e s i g n  n a r g i n  i s  d e s i r a b l e .  T h i s  
r e d u c e s  t h e  maximum v e l o c i t y  c a p a b i l i t y  t o  200 f e e t  p e r  s e c o n d .  T h i s  i s  
n o t  s u f f i c i e n t  f o r  nominal  200 f e e t  p e r  s econd  HYGE t e s t s ,  s i n c e  p a s t  
e x p e r i e n c e  h a s  i n d i c a t e d  a v a r i a t i o n  o f  10 p e r c e n t  i n  t h e  c o n t r o l  of 
t e s t  v e l o c i t y .  C o n s e q u e n t l y ,  t h e  Phase  I p r o t o t y p e  t e s t  impac t  l imi t e r  
d i a m e t e r  h a s  been  i n c r e a s e d  t o  2 5 . 7 5  i n c h e s .  The o u t e r  r a d i u s  o f  t h e  
u p p e r  h e m i s p h e r e  h a s  been  o f f s e t  1 . 7 5  i n c h  t o  remove an a d d i t i o n a l  3 . 5  
pounds o f  b a l s a  wood f o r  t h e  t e s t s .  T h i s  p r o v i d e s  a 215 f e e t  p e r  s econd  
normal  i m p a c t  v e l o c i t y  c a p a b i l i t y .  W i t h  a 10 p e r c e n t  e n e r g y  a b s o r p t i o n  
d e s i g n  m a r g i n ,  t h e  p r e d i c t e d  impact  v e l o c i t y  f o r  t h e  t e s t  s p h e r e  wefgh-  
i n g  a p p r o x i m a t e l y  88 pounds i s  2 0 3  f e e t  p e r  s e c o n d .  

I 

Caging of t h e  p r o t o t y p e  s p h e r e  d u r i n g  tne  a c c e l e r a t i o n  p h a s e  
of t h e  HYGE t e s t  i n  o r d e r  t o  o b t a i n  t h e  p r o p e r  o r i e n t a t i o n  t o  t h e  p a t h  
o f  t r a v e l  a t  impac t  will be accompl i shed  by bond ing  r u b b e r  p a d s  t o  
b o t h  p a y l o a d  and i n n e r  s h e l l  t o  p r o v i d e  t h e  t o r s i o n a l  r e s t r a i n t  
r e q u i r e d .  

The b a l s a  wood b l o c k s  f o r  r h e  i m p a c t  l i m i t e r  h a v e  been  
r e c e i v e d ,  s egmen t s  c u t  and a r e  now r e a d y  f o r  t h e  f i r s t  bond ing  
o p e r a t i o n .  The f l o t a t i o n  f l u i d  s h e l l  h e m i s p h e r e s  h a v e  been r e c e i v e d  and 
a r e  r e a d y  f o r  a s s e m b l y .  Tooling and m a t e r i a l  r e q u i r e d  f o r  f a b r i c a t i o n  
of t h e  r u b b e r  c o v e r  h a s  been o r d e r e d .  

- 2 1 -  
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D e t a i l e d  a s sembly  p r o c e d u r e s ,  a s sembly  d r a w i n g s ,  r e c o r d s ,  a 
f low c h a r t ,  a p a r t s  l i s t  and a weight  r e c o r d  have  been  p r e p a r e d  and 
w i l l  be  used i n  t h e  deve lopmen ta l  s t r u c t u r e  assembly  i n  p r e l i m i n a r y  
form. T h i s  p r o c e d u r e  w i l l  a l l o w  ample t ime f o r  t h e i r  r e v i s i o n  f o r  t h e  
f i r s t  p r o t o t y p e  and s u b s e q u e n t  l and ing  s p h e r e s ,  i f  r e q u i r e d .  

No f i n a l  assembly  work h a s  y e t  been accompl i shed  on t h e  No. 1 
p r o t o t y p e  p a y l o a d .  D e t a i l  p a r t s  and m a t e r i a l s  a r e  now b e i n g  accumula t ed  
f d r  t h i s  a s s e m b l y ,  and a p p r o x i m a t e l y  50 p e r c e n t  o f  t h e  r e q u i r e d  p a r t s  
are  i n  t h e  a s sembly  bond c a b i n e t .  The m a j o r i t y  of t h e  r ema in ing  p a r t s  
a r e  ma jo r  s u b a s s e m b l i e s .  

Space  a t  t h e  Newport Beach F a c i l i t y  h a s  been c o n v e r t e d  t o  a 
C lean  Room f o r  a s sembly  of  t h e  LFC pay load .  The 20 x 45 f o o t  room has 
been p u t  on a s p e c i a l  a i r  c o n d i t i o n i n g  sys t em.  H a l l w a y  windows and an 
a i r  l o c k  v e s t i b u l e  have  been  i n s t a l l e d .  A l i m i t e d  number of s p e c i a l  
benches  and equipment  w i l l  be i n s t a l l e d  i n  t h e  room. Dacron c l e a n  
room un i fo rms  have  been  o r d e r e d ,  and a C l a s s  I1 Clean  Room P r o c e d u r e  
is t o  be o b s e r v e d  a t  a l l  t i m e s .  The room shou ld  be r eady  f o r  u se  i n  
t i m e  f o r  t h e  No. 1 P r o t o t y p e  Assembly. 

3 . 4  SYSTEM TESTING 

A p r e l i m i n a r y  d r a f t  of the p r o t o t y p e  No. 1 t e s t  p l a n  h a s  been 
comple ted  and i s  a w a i t i n g  f i n a l  r e l e a s e .  The p r o t o t y p e  assembly  w i l l  
undergo  t h e  f o l l o w i n g  m s j o r  env i ronmen ta l  t e s t s :  

(1) Launch V i b r a t i o n  T e s t s  

( 2 )  HYGE Sphe re  1 r . p a c t  

( 3 )  Vacuum Fclnc t iona l  T e s t  

( 4 )  HYGE S l e d  Impact  

Dur ing  t h e  vacuum f u n c t i o n a l  t e s t ,  p h o t o g r a p h i c  d a t a  w i l l  be o b t a i n e d  
on a t a p e  r e c o r d e r .  The t a p e  w i l l  be p l ayed  i n t o  t h e  ground r e p r o d u c e r  
and a p i c t u r e  w i l l  be p roduced .  The d a t a  w i l l  be  e x a r i n e d  f o r  r e s o l u -  
t i o n ,  dynamic r ange  and l i n e a r i t y .  The grcund r e p r o d w e r  n a y  a l s o  b e  
used i n  p a r a l l e l  w i t h  the  t a p e  r e c o r d e r  d u r i n g  t h e  f u n c t i o n a l  t e s t  t o  
o b t a i n  a r e a l  t ine  p i c t u r e .  

V e r t i c a l  mo t ion  c h a r a c t e r i s t i c s  of  t h e  top  tube  s c a n n i n g  
m i r r o r s  w i l l  be d e t e r m i n e d  w i t h  an  Opt ron  Model 701 t r a c k e r .  A t t e m p t s  
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were p r e v i o u s l y  m d d e  u s i n g  a f i l m  p o t e n t i o m e t e r  coup led  t o  t h e  cam 
f o l l o w e r  p i v o t  a s  a t r a n s d u c e r  t o  o b t a i n  dynamic s h a f t  a n g l e  m e a s u r e -  
m e n t s  w i t h  a p r e c i s i o n  of 0 . 0 0 5  d e g r e e s  i n  a t o t a l  d e f l e c t i o n  o f  25 
d e g r e e s .  An a n a l o g  computer  was used to  g e n e r a t e  a v o l t a g e  ramp 
e q u i v a l e n t  t o  i d e a l  cam f o l l o w e r  mot ion .  The d i f f e r e n c e  between t h e  
t r a n s d u c e r  o u t p u t  and t h e  i d e a l  ramp was d i s p l a y e d  on a n  o s c i l l o s c o p e  
as p o s i t i o n  e r r o r .  The e r r o r  s i g n a l  was a n a l y z e d  as  b e i n g  p r e d o m i n a t e -  
l y  n o i s e  g e n e r a t e d  by t h e  t r a n s d u c e r  and was much g r e a t e r  t h a n  t h e  
magni tude  of  m i r r o r  mot ion  e r r o r .  

The O p t r o n  t r a c k e r  w i l l  d e t e c t  e r r o r s  i n  excess  of 0 . 0 5  
d e g r e e s  i n  a f u l l  25 d e g r e e  sweep.  The s m a l l e s t  d i s c e r n i b l e  e r r o r  c a n  
be r educed  to  d s u i f i c i e n t l y  s m a l l  v a l u e  by i n s p e c t i n g  t h e  sweep i n  
segmen i s  r a t h e r  t h a n  t h e  f u l l  sweep;  i . e . ,  i f  25  d e g r c e s  o f  m i r r o r  
m o t i o n  were e q u a l  t o  f u l l  s c a l e  o u t  of t h e  t r a c k e r  t h e n  t h e  t r a c k e r  
c o u l d  r e s o l v e  mirror  mot ion  e r r o r s  a s  small  as 0 . 0 0 5  d e g r e e s .  

T a r g e t  and l i g h t i n g  r e q u i r e m e n t s  f o r  t h e  LFC p r o t o t y p e  
f u n c t i o n a l  t e s t s  a r e  b e i n g  d e f i n e d .  L i g h t i n g  f o r  t l ie LFC f u n c t i o n a l  
t e s t s  w i l l  be t h e  v a r i a b l e - i n t e n s i t y  t u n g s t e n  s y s t e m  a 1  r e a d y  a v a i l a b l e  
i n  t h e  A e r o n u t r o n i c  Vacuum Ch.imber. The lamps w i l l  be o p e r a t e d  
s e q u e n t i a l l y  i n  4 banks f o r  1 6  h o u r s  ( e q u i v a l e n t  t o  7 2 0  d e g r e e s  of 
p i c t u r e ) .  T a r g e t s  to  d e t e r m i n e  t h e  s y s t e m  dynamic r a n g e ,  a n g u l a r  
r e s o l u t i o n ,  s c a n  l i n e a r i t y  and t h e  g rey  s c a l e  C a p a b i l i t y  d f  t h e  ptioto- 
g r a p h i c  p r o c e s s  a r e  b e i n g  d e s i g n e d .  Geometry,  number,  l o c a t i o n ,  
o r i e n t a t i o n ,  p a i n t i n g  and luminance  of  t h e  t a r g e t s  h a s  been s p e c i f i e d  
as  w e l l  a s  a m i s c e l l a n e o u s  d i s p l a y  box which w i l l  c o n t a i n  p e b b l e s  and 
r o c k s  . 

C a p a b i l i t y  t o  p r o d u c e  h i g h e r  r e a c t i o n  l o a d s  and t h e r e b y  
i n c r e a s e  d e c e l e r a t i o n  l e v e l s  h a s  been ,+chie\rcd b y  i n c o r p o r c i t i o n  of a 
new l i m i t e r  d e s i g n a t e d  Mark V I I I B .  The > h r k  V I I I R  l i m i t e r  c o n s i s t s  
o f  a Mark \'I11 b a l s a  vood l i m i t e r  s t i f f e n e d  w i t h  f o u r  o n e - i n c h  diam- ' 
e t e r  n y l o n  r o d s  t o  g i v e  i n c r e a s e d  locld s t r o k e  c h a r a c t e r i s t i c s .  The 
e s t i m a t e d  "G" l e v e l  i n c r e a s e  r e s u l t i n g  from t: i is  m o d i f i c a t i o n  i s  
700 " G " .  To w i t h s t a n d  t h e  h i g h e r  l o a d i n g s ,  t h e  HYCE s l e d  h a s  been  
r e i n f o r c e d  w i t h  bonded s h e a r  s k i n s .  F i g u r e  7 i s  d p h o t o g r a p h  of 
t h e  m o d i f i e d  s l e d  c o n t a c t i n g  t h e  Mark V I I I B  l i m i t e r .  

i n s t r u m e n t a t i o n  f o r  t h e  s l e d  t e s t s  c o n s i s t >  of  2225 . a n d / o r  
2215 Endevco a c c e l e r o m e t e r s  mounted c n  t h e  s l e d ,  a 3 / 4  m i l l i o n  pound 
load c e l l  mounted u n d e r  t h e  i m p a c t  l i m i t e r  and p h o t o  c e l l s .  Measure-  
men t s  o b t a i n e d  from t h e  v a r i o u s  i n s t r u m e n t a t i o n  d u r i n g  two t e s t s  a r e  
shown i n  T a b l e  I\'. During b o t h  o f  t h e c e  t e s t s  t h e  2215 a c c e l e r o m e t e r s  
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TABLE I V  

RESULTS OF SLED TEST INSTRL'MENTATIOK 

S l e d  Test  No. 

1 
1 

1 
2 
2 

2 

2 

2 

T ransduce r  S led  V e l o c i t y ,  f t / s e c  

P h o t o  c e l l s  
2 2  15  Acce l e r o -  

Load c e l l  
Pho to  c e l l s  
2 2  15 Acce l e r o -  

2 2 2  5 Acce l e r o -  

2225 A c c e l e r o -  

Load c e l l  

m e t e r  

m e t e r  

m e t e r  

m e t e r  

1 9 2 . 3  
386 

172 
182 
353 

166 

175 

164 
I 

Peak D e c e l e r a t i o n ,  pl 

- 
5720 

3110 

5400 
- 

2920 

2870 

2 740 
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i n d i c a t e d  g l e v e l s  a p p r o x i m a t e l y  1 . 8  t imes  g r e a t e r  t h a n  t h e  o t h e r  
i n s t r u m e n t a t i o n .  I n t e g r a t i o n  of t h e  p u l s e  s h a p e s  shou ld  be e q u a l  t o  , 
s l e d  v e l o c i t y .  The p u l s e  shape  i n t e g r a t i o n  o f  t he  load  c e l l  and t h e  
2225 a c c e l e r o m e t e r s  d a t a  g i v e  v a l u e s  w i t h i n  10 p e r c e n t  of t h e  a c t u a l  
i n p u t  v e l o c i t y .  I t  i s  e v i d e n t  t h a t  t h e s e  d e v i c e s a r e  measu r ing  c l o s e  
t o  a c t u a l  g v a l u e s  w h i l e  t h e  2215 a c c e l e r o m e t e r  does  n o t  a p p e a r  s u i t -  
a b l e  f o r  r e c o r d i n g  shocks  of l a r g e  magni tude .  

-26-  
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SECTION 4 

SURSY STEMS 

4 . 1  TOP TUBE ASSEMBLY 

P r o g r e s s  on t h e  top  tube  development  program d u r i n g  t h i s  
r e p o r t i n g  p e r i o d  i s  measured i n  terms of  t h e  a r r i v a l  o f  components  and 
t h e  c o m p l e t i o n  o f  s e v e r a l  p r e p r o t o t y p e  t e s t s .  P a r t s  and components  of 
t h e  deve lopmencal  and f i r s t  p r o t o t y p e  a s sembly  a r e  b e i n g  r e c e i v e d  
behind  s c h e d u l e ,  O f  t h e  n e a r l y  170 p i e c e s  o r d e r e d ,  l i t t l e  more t h a n  
30 p e r c e n t  have  been r e c e i v e d  o r  manufac tu red .  
of  the small i s o l a t e d  v a r i e t y  so t h a t  commencement o f  t h e  assembly  i s  
s t i l l  a w a i t i n g  the  a r r i v a l  of  major  components .  

The p a r t s  r e c e i v e d  a r e  

Among t h e  p a r t s  t h u s  f a r  r e c e i v e d  a r e  t h e  m o t o r s  and g e a r  
boxes f o r  t h e  t o p  tube  and az imuth  d r i v e  mechanism. E a r l y  i n  t h e  
program i t  had been d e c i d e d  t h a t  based on t h e  knowledge t h e n  a v a i l a b l e  
o f  b a t t e r y  c a p a c i t y  and t o p  tube  t h e m 1  b a l a n c e ,  t h e  moto r  power con-  
sumpt ion  s h o u l d  be  minimal  c o n s i s t e n t  w i t h  r e l i a b l e  o p e r a t i o n .  
C o n s u l t a t i o n  w i t h  t h e  motor  vendor  r e v e a l e d  t h 3 t  t he  power consumpt ion  
cou ld  be reduced  t o  a s  low a s  3 . 5  w a t t s  p e r  u n i t  which i s  l e s s  t h a n  t h e  
5 . 0  w a t t s  o r i g i n a l l y  s p e c i f i e d  f o r  p r e p r o t o t y p e  motor  power.  C o n s e q u e n t l y ,  
m o t o r s  of  lower  power r a t i n g  were o r d e r e d .  

U n f o r t u n a t e l y ,  upon r e c e i p t  of  t h e  new moto r s  i t  was e v i d e n t  
t h a t  t h e  above  r e q u i r e m e n t  when compounded w i  th  t h e  r e q u i r e m e n t s  f o r  
l a r g e r  b e a r i n g s  and s p e c i a l  l u b r i c a t i o n  of t h e  b e a r i n g s  v i t h  l o w  v a p o r  
p r e s s u r e  s i l i c o n  o i l ,  was found t o  s e r i o u s l y  r educe  motor  o u t p u t  p e r -  
formance .  The g e a r  box i n p u t  t o r q u e  i s  a p p r o x i m a t e l y  0.001 ounce - inch  
and where 5 wat t  moto r s  produce  0 . 3 5  ounce - inch  the  new m o t o r s  a r e  
c a p a b l e  of  o n l y  0 . 0 0 6  o u n c e - i n c h  a t  synchronous  s p e e d .  Any small  
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i n t e r r u p t i o n  by f o r e i g n  m a t e r i a l  o r  a d d i c i c ) n i l  l u b r i c a n t  i n  one o f  t h e  
moto r  b e a r i n g s  e a s i l y  a b s o r b s  t h i s  marg in .  These  t o r q u e  measurements  
have  been  o b t a i n e d  w i t h  t h e  p r e s e n t  b readboard  pc>wer s u p p l y  which f d r -  
n i s h e s  d 1 2  v o l t  s q u a r e  wave from s i m u l a t e d  30 v o l t  LFC b a t t e r y .  

S e v e r a  1 a p p r o a c h e s  a r e  a v a i l a b l e  t o  overcome t h i s  p rob lem.  
F o r  t h e  f i r s t  p r o t o t y p e  t e s t  s e r i e s ,  motor  m o d i f i c a t i o n  would now be 
i m p r a c t i c a l .  C o n s i d e r a b l e  improvement c a n  b e  o b t a i n e d ,  however ,  by 
s l i g h t l y  i n c r e a s i n g  t h e  power to t h e  m o t o r , c h a n g i n g  the i n p u t  f rom a 
s q u a r e  wave t o  a s i n e  wave and b a l a n c i n g  t h e  power i n p u t  to’ e a c h  of t h e  
m o t o r  w i n d i n g s .  T h i s  l a t t e r  a c t i o n  w i l l  r e q u i r e  t h a t  t h e  r e s i s t i v e  l o s s  
accompanying t h e  c a p a c i t i v e  r e a c t a n c e  i n  o n e  l i n e  be b a l a n c e d  i n  t h e  
o t h e r  l i n e .  S i n c e  c a p s u l e  b a t t e r y  c a p a c i t y  and t o p  t u b e  h e a t  b a l a n c e  
p a r a m e t e r s  a r e  now more f i r m l y  d e f i n e d ,  i t  i s  p o s s i b l e  t o  r e l ax  t h e  
power r e q u i r e m e n t .  M o d i f i c a t i o n  o f  t h e  b r e a d b o a r d  moto r  d r i v e  e l e c t r o n -  
i c s  can be r e a d i l y  made t o  s u p p l y  the  new wave form f o r  t h e  f i r s t  
p r o t o t y p e  t e s t s .  F o r  s u b s e q u e n t  t e s t s ,  m o t o r s  wound t o  draw up t o  
5 w a t t s  o f  power from balanced 9 v o l t  r m s  s i n e  wave i n p u t  w i l l  be o r d e r e d .  

The o r i g i n ‘ i l  p r e p r o t o t y p e  t o p  t u o e  h a s  been t e s t e d  d u r i n g  t h e  
r e p o r t i n g  p e r i o d .  A n i c k e l  p l a t e d  cam u a s  i n s t a l l e d ,  t h e  e n t i r e  s y s t e m  
c l e a n e d  and a l l  moving p a r t s  l u b r i c a t e d  w i t h  GE F-50 l o w  v a p o r  p r e s s u r e  
s i l i c o n  o i l .  The a s sembly  was t h e n  mounted i n  d h i g h  vacuum t a n k  and 
o p e r a t e d  f o r  30 h o u r s  i n  l e s s  t h a n  l ~ ) - ~ m m  Hg w i t h  one  of t h e  v i e w i n g  
windows removed. A l though  t h e  i n s i d e  of t h e  t u b e  was exposed  f o r  a n  
abnormal  p e r i o d  of t i m e  t o  h i g h  vacuuv ,  i t  o p e r a t e d  s a t i s f a c t o r i l y  and 
showed no s i g n  of  e x c e s s i v e  wear  a t t r i b u t a b l e  t o  tlie t e s t .  

I r p a c t  t e s t s  have been conduc ted  on  t h e  n i c k e l  c a n  s u r f a c e  
and i t  h a s  been  found t h a t  ample margin i s  d v a i l a b l e  t o  p r o t e c t  t h e  cam 
s u r f a c e  from d e f o r m a t i o n  by t h e  cam f o l l o w e r s  d u r i n g  l a n d i n g  i m p a c t .  
The p r e p r o t o t y p e  t o p  tube  h a s  been s u b J e c t e d  t o  impac t  u s i n g  t h e  s l e d  
and Mark V I T I B  HYGE impac t  l i m i t e r .  Altho7agh t h e  v e r t i c a l  s c a n n i n g  
mechanism was o r i g i n a l l y  d e s i g n e d  t o  be caged d u r i n g  i m p a c t ,  t h e  
c a g i n g  d e v i c e  was o m i t t e d  d u r i n g  t h i s  t e s t .  A l s o ,  components of t h e  
s c a n  s y s t e m  were n o t  c e u n t e r b a l a n c e d  t o  p r e v e n t  a n g u l a r  a c c e l e r a t i o n  
d u r i n g  impac t  ; t h e  p r o t o  type u n i t s  a r e  d e s i g n e d  t o  be c o u n t e r b a l a n c e d .  
Even s o ,  t h e r e  was no  e v i d e n c e  o f  damage tc  e i t h e r  t h e  cam f o l l o w e r s ,  
t h e  cam o r  g e a r  box due t o  i m p a c t .  The b e a r i n g s  o f  t h e  n o t o r ,  t hough ,  
which had p r e v i o u s l y  s u r v i v e d  two p r e p r o t o t y p e  impact. t e s t s  were p a r -  
t i a l l y  damaged. T h i s  m t o r  d i d  n o t  i n c l u d e  t h e  l n r g e r  b e a r i n g s  and 
t h e r e f o r e  s h o u l d  n o t  be c o n s i d e r e d  n e c e s s a r i  i y  i n d i r a L i v t t  o f  a p o t e n t i a l  
p roblem w i t h  t h e  p r o t d t y p e  d e s i g n .  

I 
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The t u b u l a r  f i b e r g l a s s  s p a c e r  wiiich s u p p o r t s  t h e  Load from t h e  
m a j o r i t y  of  t h e  i n t e r n a l  p a r t s  o f  t h e  top  t u b e  d u r i n g  impact  and a l s o  
i n s u l a t e s  t h e  s e n s o r s  from t h e  motor  h e a t  h a s  been rev iewed f o r  s t r u c -  
t u r a l  r e l i d b i l i t y .  The compress ive  load on t h i s  p a r t  i s  such as  t o  
r e q u i r e  the  u s e  o f  an  o r i e n t e d  f i b e r l a m i n a t e  o f  epoxy f i b e r g l a s s .  
Compress ive  t e s t s  hdve Deen conducted  on t u b u l a r  s e c t i o n s  and i t  h a s  
been  concluded  t h a t  c o n s i d e r a b l e  margin of  s t r e n g t h  i s  p r e s e n t .  

T e s t s  a re  now b e i n g  scheduled  f o r  m e a s u r i n g  s c a n  a c c u r a c y ,  
t o  impac t  t h e  new moto r s  and g e a r  boxes and t o  c o m p a r a t i v e l y  measure  
the  r e f l e c t a n c e  of g l a s s  and m e t a l  m i r r o r s .  An Opt ron  7 0 1  t r a c k e r  h a s  
been  o r d e r e d  and when i t  i s  r e c e i v e d  w i l l  b e  used t o  r e c o r d  t h e  m o t i o n '  
o f  t h e  t o p  tube  cam f o l l o w e r s  independen t  o f  t h e  o p t i c a l  sys t em.  Af te ' r  
motor  and g e a r  box a s s e m b l i e s  a r e  t e s t e d  f o r  smoothness  of  o p e r a t i o n ,  
t h e y  w i l l  b e  s u b j e c t e d  t o  v i b r a t i o n  and impact  on each  o f  two ' axes .  
They w i l l  t h e n  be r e t e s t e d  f o r  o p e r a t i o n a l  smoothness  t o  d e t e r m i n e  i f  
any  damage i s  i n c u r r e d .  

I t  i s  i n t e n d e d  t h a t  t h e  m i r r o r s  i n  t h e  s c a n n i n g  s y s t e m  w i l l  
be p l a t e d  d i r e c t l y  on t h e  cam f o l l o w e r s .  However,  s i n c e  t h e r e  i s  a 
p o s s i b i l i t y  t h a t  p l a t e d  m e t a l  m i r r o r  pe r fo rmance  m y  be i n f e r i o r  t o  t h a t  
of g l a s s  m i r r o r s  a t e s t  h a s  been  schedu led  t o  d e t e r m i n e  t h e i r  r e l a t i v e  
d i r e c t i o n a l  r e f l e c t a n c e .  Dur ing  t h i s  t e s t ,  t h e  c o l l i m a t e d  s o u r c e  w i l l  
be r e f l e c t e d  o f f  t h e  m i r r o r  s u r f a c e s  o n t o  a s i l i c o n  p h o t o e l e c t r i c  t r a n s -  
d u c e r  s imi l a r  t o  the  type  used i n  t he  top  t u b e .  The r e f l e c t e d  l i g h t  
l e v e l s  w i l l  t h e n  be compared w i t h  t h a t  o b t a i n e d  from d i r e c t  impingement 
o f  t h e  beam o n t o  t h e  s e n s o r .  

The L S X - 5 1 1  l i g h t  s e n s o r s  which have  been s e l e c t e d  were 
d e s c r i b e d  i n  the  p r e  v i o u s  b imonth ly  r e p o r t .  Dur ing  t h e  p a s t  r e p o r t i n g  
p e r i o d ,  t h e s e  s e n s o r s  were r e c e i v e d  an6 t e s t e d  ~ T e s t  r e s u l t s  i n d i c a t e  
c h a t  t h e  s e n s o r  i s  s a t i s f a c t o r y  bo th  e l e c t r i c a l l y  and m e c h a n i c a l l y .  

The p i n h o l e s  which a r e  mounted d i r e c t l y  o n t o  t h e  a c t i v e  
s u r f a c e  o f  t h e  s e n s o r  a r e  w i t h i n  s p e c i f i e d  t o l e r a n c e  and a r e  w e l l  
d e f i n e d .  A micropho tograph  of  an  L S X - 5 1 1  s u r f a c e  w i t h  p i n h o l e  i s  shown 
in F i g u r e  9 .  T e s t s  i n d i c a t e  t h a t  a l l  c e l l s  a r e  s e n s i t i v e  o n l y  w i t h i n  
the  unmasked r e g i o n ,  The d i a m e t e r  of  t h i s  a r e a  v a r i e s  f rom 0 .0057 t o  
0 . 0 0 6 1  i n c h .  These  measurements  were p e r f o m e d  wi th  a m i c r o p o s i t i o n e r  
and m i c r o s c o p e  co w i t h i n  a n  a c c u r a c y  o f  5 0 . 0 3 0 1  i n c h .  The d e p t h  o f  
t h e  p i n h o l e  below t h e  f l a t  window'of t he  s e n s o r  c a s e  was measured and 
found t o  a v e r a g e  3.020 i n c h  w i t h  maximum v a r i a t i o n  of  5 O.OG5 i n c h  f o r  
most o f  t he  s e n s o r s .  
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( 2 )  c r o s s - t a l k  be tween p r e a m p l i f i e r s  b e c a u s e  of  
t h e i r  c l o s e  p y n y i F i t v  2nd t!ieir h i g h  s e n s i -  
t i v i t y  ‘ i ssc>cia tea  w i t h  v e r y  h i g h  i n p u t  
in:pcdance. 

A E R O U L T R O N I C  D I V ‘ S I O b i  

The c a p a c i t y  0 1  tile s e n s o r  113s i n c r e a s e d  by ‘ 2 t  m o s t  1 . 3  p p  € 
from tiw v , i l u t \  b e f o r e  m‘isking; i iowevcr ,  t h i s  h a s  n o t  r e s u l t e d  i n  any  
s i g n i i i c , i n r  ch,ange i n  p e ~ f o r r ~ t n c c ~ .  A l l  o t i i e r  c h a r a c t e r i s t i c s  c i f  t h e  
sc’nsor c ~ ~ - t ’  . I p p r o s i r , i ~ t c ~ l y  t h c  s;,ine <is tIios(1 o f  tlica LS400 s c n s o r .  

I h e  sensors  now b e i n g  used i n  t h e  LFC program a re  act:!dll l ;  
NPN P l a n c i r  S i l i c d n  T r a n s i s t o r s ’  w i t h o u t  3 b,isc? c ~ ~ n n c ~ i t i o n .  A s  s u c h ,  t hey  
m y  b e  c o n s i d e r e d  to  b e  l e s s  t h a n  optimum f o r  t h i s  a p p l i c a t i o n .  T e s t s  
h a v e  i n d i c a t e d  c h a t  t h e i r  periL>fmancc> can  be m a d e  more l i n e a r  and the  
d.11-k c u r r e n t  may bc reduc ,od  by a b o u t  11 f a c t i , l -  o f  10 by o m i t t i n g  the  
e m i t t e r  d i f f u s i i ) n  p r o c e s s  d u r i n g  f a b r i c ~ i t i o n .  F u r t h e r ,  i t  h a s  h e e n  
shown t h a t  t h e  respclnse ’ t o  b l u e  wavclcngt i i s  can h e  irnprc.vec1 by ~ l t c r i n g  
t h c  iic.vice geometry .  I t  i s  b e l i e v e d  t t in t  t c i i s  r,:,iy p r o v i d e  an  i n c r e a s e  
i n  s i g n a l - t o - n o i s e  r a t i o  tly 3 s  rr,uch a s  3 d b ,  as we11 as  r e n d e r i n g  t h e  
re .  u l t i n g  p i c t u r e  rmrc  f,irnilicir t o  the  tium<in eye. R a i s i n g  tiie c i r c u i i  
impedance  b y  sc . a l ing  ttie d c v i c e  down t o  tile r e q u i  r ed  s i z e  i n s t e a d  o f  
masking  tlniiseci arc’ds, improv ing  i h e  sensor p a c k a g i n g ,  r e d e s i g n i n g  t h e  
p r c ’ n m p l i f i e r  i n p u t  t r a n s i s t o r s ,  and  possibly even  f u n c t i o n a l l y  i n t e g r a t -  
i n g  tlir p r e a m p l i f i e r  and  s e n s o r  operdLii0ns c a n  t h e o r e t i c a  11y y i e l d  a n o t h e r  
10 d b  o f  sign;i!-to-nc>isi .  r c i t i o  inp rovcmen t .  

The c l . e c t r i c c i l  (!t.si!:n o f  t h e  p i -e , inp i i  t i e r  t i l s  remained 
uuchan~eri s i n c e  t h a t  r c p o r t p c i  pi-c .vi i )usly.  F:ffcir t  cl t ir ing t h i s  r e p o r t i n ; ;  
p e r i o d  has b e e n  c o n r c r n e d  w i t h  packag ing  tiic t w o  preamp1 i f i e r s  i n  t h e  
s m a l l  volun?cl. a v a i l a b l e  i n  the t i )p  t u b e  ( S e e  F i g u r e  9 ) .  A n  i n i t i a l  
p-icl:iiging a t t i > m p t  h a s  c a u s e d  : 

( l \  ,in i n c r t l a s e  i n  inp i i t  c a p 3 c i t y  2 s  a r e s u l t  o f  
t h e  h i g h  d i e l e c t r i c  cons t . in t  o f  t h e  epoxy 
a s e d  t o  mold  the m o d u l e ,  ‘tnd 

- 3 1 -  



=&- 
A E A O N  UTRON IC D I V I S I O N  

1'1 

t 



Kial:esig:n o f  the package  t c ,  e l i n i n a t e  tiii.se pr1,blens h a s  been  c o m p l e t e d ,  
c~nti  a IT;( - !C!~-~  is L ' ~ r r c : ~ t  t y  b e i n g  f a b r i c < i : c a  to t e s :  t h e s e  c n a r q c t e r i s t  i c s .  
?'lie ~ d p ; ~ ( - f . i y  o f  t h e  L i r c C i i t  i s  Leing z in i rn i zed  b y  : ~ s e  of  a f i l l e d  c a s t i n g  
r e . i i n  w i t h  low d i z l c c t r i c  c o n s t a n t  and t h e  two p r e d n p l i f i e r s  a r e  now 
c o n p l e t e l y  s h i e l d e d  froin cne  a n o t h e r  t o  e l i m i n a t e  t h e  c r o s s - t a l k  p rob lem.  
T h e  two p r e a n p i i f i e r s  a r e  s t i  11 c o n t a i n e d  w i t h i n  n s i n g l e  p l u g - i n  module 
snd no i n c r e a s e  i n  rnodl~le d i m e n s i o n s  have been  r e q u i r e d  f o r  t h e  r e d e s i g n .  

S l e d  t e s t s  t o  d e t e r n i n e  impac t  c a p a b i l i t y  o f  v a r i o u s  e l e c t r o n i c  
components were pe r fo rmed  d u r i n g  t h i s  r e p o r t i n g  p e r i o d .  No change i n  
d e v i c e  c h a r a c t e r i s t i c s  were n o t e d  on at:y of  t h e  items t e s t e d .  The i t e m s  
which were t e s t e d  a r e  shown i n  T a b l e  1'. 

(1) ! i o r i z o n t a l  lo,icis arc? not a n t i c  i p a t e d  d u r i n g  
L ipe ra t ion .  I n  t h e i r  a b s e n c e ,  r i i t a t i o n s  a b o u t  
o t h e r  than  t n c  c e n t r a l  a x i s  w i l l  n o t  o c c u r .  

( 2 )  A r o t a t i o n  of  0 . 0 3  d e g r e e  a b o a t  an a s i s  i n  
t h e  e q u a t o r i a l  p l a n e  of t h e  p a y l o a d  r e s u l t s  
i n  o n l y  0 .010  i n c h  h o r i z o n t ' t l  m o t i o n  o f  t h e  
v i e w i n g  window. At t h e  d i s t a n c e  from t h e  
window t o  near  f i e l d  o b j e c t s  ( 3 9 . L  i n c h e s )  
t l ? i s  r e p r e s e n t s  l e s s  t h a n  0 . 0 2  d e g r e e  d 1 / 5  
of  a n  image p o i n t ) .  

I t  has  been  n o t e d  tli.it a f a i l u r e  c o u l d  o c c u r  by c v e r  t o r q u i n g  
t h e  n u t  u s e d  t o  a d j u s t  a n J  r e t a i n  t h e  h e l i c a l  worm gear  s h a f t  and b e a r -  
i n g s .  T h i s  would r e s u l t  i n  '1 s i z a b l e  a x i a l  p r e l o a d  t o  t h e  b e a r i n g  s e t  
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TABLE V 

ELECTRONIC COMPONENTS FROM TOP TUBE ASSEMBLY WHICH 
WERE IMPACT T E S T E D  DURING T H I S  REPORTING PERIOD 

Ap p r ox ima t B 
Item TvPe fianu f I C  t urc r - Number Deceleration, 8 

Scnoors LSX-511 T . 1 ,  2 81, 2 (300 
Tranrirtorr 2 N 2 6 0 6  S i l i c a n i x  F i e l d  Ef€ect  5 e a ,  3 100 

2 N 9 3 0  T , I ,  Silican 5 61, 3 100 
C a p a c  i tar II 1 uf 35v Sprague 150 D Tantalum 3 e a ,  2 800 

0.47 u f  35v Sprcrgua 150 D Tantalum 3 e a ,  2 BOO 
1 U T  35v Spragua 155 D Tantalum 4 e a ,  2 800 
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which would i n  t u r n ,  r e d u c e  t h e  b e a r i n g  c s p a c i t y ,  I t  cou ld  even  b e  
reduced  so much so t h a t  i t  w o u l d  be unab le  t o  s u p p o r t  a x i a l  impact  
l o a d s .  A l t e r n a t i v e  designs which p rec luded  tn i s  p o s s i b i l i t y  have  been 
i n v e s t i g a t e d .  However, dll have  proven u n s a t i s f a c t o r y  s i n c e  they  do  
n o t  p r o v i d e  t h e  n e c e s s a r y  a x i a l  a d j u s t m e n t  of t h e  b e a r i n g  s e t  r e q u i r e d  
t o  e l i m i n a t e  a x i a l  anu r a d i a l  b e a r i n g  p l a y .  T h e r e f o r e ,  a d e t a i l e d  
assembly  p r o c e d u r e  h a s  been  p r e p a r e d  t o  p r o v i d e  a s s u r a n c e  t h a t  a x i a l  
p r e l o a d  i s  n o t  impar t ed  t o  t h e  b e a r i n g  s e t .  

A p o s s i b l e  f a i l u r e  mode has been found t o  e x i s t  i n  t h e  small  
s i z e  5 g e a r  head shown i n  F i g u r e  11. T h e  s p u r  g e a r  might  s l i p  on the  
s h a f t .  The s p u r  g e a r s  a r e  p r e s s e d  i n t o  p o s i t i o n  on t h e i r  r e s p e c t i v e  
p i n i o n  s h a f t s .  The s m a l l n e s s  of t h e  s h a f t  does  n o t  a l l o w  t h e  s p u r  g e a r  
t o  be s t a k e d  and s i n c e  p i n i o n  t e e t h  m u s t  be hobbed on t h e  s h a f t  a d j a c e n t  
t o  t h e  s p u r ,  t he  s h a f t  canno t  be c u t  from a s i n g l e  p i e c e .  S i n c e  unde r  a 
3300 g impact  t h e  s p u r  g e a r  weighs  a p p r o x i m a t e l y  1 pound a t e s t  was 
conduc ted  t o  d e t e r m i n e  t h e  f o r c e  r e q u i r e d  t o  i n i t i a t e  s l i p p a g e ,  R e s u l  ts 
of t e s t s  on f o u r  samples  showed t h i s  f o r c e  t o  exceed  20 pounds .  Al though 
t h i s  h i g h  margin  o f  s a f e t y  e x i s t e d  f o r  t h e  u n i t s  t e s t e d ,  t h e r e  i s  no 
a s s u r a n c e  t h a t  t h e  s u p p l i e r s  assembly p r o c e s s  would p r o v i d e  t h e  same 
i n t e g r i t y  i n  a l l  u n i t s .  H e n c e , a n  i n - ? r o c e s s  a c c e p t a n c e  t e s t  r e q u i r e m e n t  
h a s  been  w r i t t e n  f o r  i n c l u s i o n  i n t o  t h e  d e s i g n  s p e c i f i c a t i o n .  

P r o v i s i o n  h a s  been made f o r  v e n t i n g  t h e  c a p s u l e  f o l l o w i n g  
e x t e n s i o n  of t h e  top  t u b e .  The b e n e f i t s  o f  t h i s  a r e :  

(1) t h e  p o s s i b i l i t y  of  l i f t i n g  t h e  d r i v e n  az imuth  
t u b e  a x i a l l y  d u e  t o  i n t e r n a l  p r e s s u r e  i s  
e l i m i n a t e d  ( s i n c e  the  g e a r  s e t  t e n d s  t o  d r i v e  
t h e  tube  down t o  i t s  n a t u r a l  p o s i t i o n ,  l i f t -  
i n g  cou ld  r e s u l t  i n  a x i a l  c h a t t e r ) ,  

( 2 )  t h e  comple te  absence  of a i r  o b v i a t e s  t h e  c o n -  
c e r n  r e g a r d i n g  p a r t i a l  d e p r e s s u r i z a t i o n  of 
t h e  s p h e r e  d u e  t o  l e a k a g e  and t h e  p o s s i b l e  
consequences  of  corona  i n  t h e  t r a n s m i t t e r .  

The t o p  tube  w i r i n g  bundle  h a s  been wound such  t h a t  t h e  t o r q u e  
i t  e x e r t s  w i l l  n o t  r e v e r s e  d i r e c t i o n  d u r i n g  t o p  t u b e  r o t a t i o n .  This 
p r e c l u d e s  t h e  p o s s i b i l i t y  o f t h e  t o p  rube w i r i n g  c a u s i n g  u n d e s i r a b l e  
b a c k l a s h  i n  t h e  d r i v i n g  az imuth  tube .  

Three  az imuth  d r i v e  s u b a s s e m b l i e s  have  been f a b r i c a t e d .  These  
u n i t s  w i l l  be used  f o r  e n g i n e e r i n g  f u n c t i o n a l  t e s t s ,  subassembly  impac t  
t e s t s  and f i r s t  p r o t o t y p e  l a n d i n g  s p h e r e  t e s t s .  These  t e s t s  a re  
s c h e d u l e d  t o  be conducted  i n  t h e  succeed ing  r e p o r t  p e r i o d .  

-3  6-  
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Etir ly  i n  die p r e s e n t  t e p u r t i n g  p e r i o d ,  t n e  mo t o r / g c a r h e a d  
cornbinn: icn wd9 s u b j e c t e d  t o  d l a t e r a l  impac t  i n  e x c e s s  of 3000 g .  
F u n c t i o n a l  t e s t s  performed p r i o r  t o  and f o l l o w i n g  i m p a c t  i n d i c a t e d  no 
d e t e r i o r a t i o n  o f  p e r f o x a n c e .  A d d i t i o n a l  i m p a c t  t e s t s  o f  t h e s e  
components a r e  b e i n g  s c h e d u l e d .  

4 . 3  EXTENSION MECHANISM 

Dur ing  t h i s  r e p o r t i n g  p e r i o d ,  a Design Review wa8 c o n d u c t e d  
and t h e  d e s i g n  s p e c i f i c a t i o n  was upgraded .  Development t e s t  ha rdware  
and a s s o c i a t e d  f i x t u r e s  have been f a b r i c a t e d  and a s s e m b l e d .  (See  
F i g u r e s  1 2  and 1 3 ) .  
c o m p l e t e .  

P rocuremen t  of p r o t o t y p e  No. 1 ha rdware  i s  n e a r l y  

l i s h  
a v a i  
bund 

c lim 

Tne e n g i n e e r i n g  d e v e l o p m e n t a l  e x t e n s i o n  sys t em ( F i g u r e  13) 
h a s  been  a s s e m b l e d ,  c h e c k e d ,  o u t  and p r e l i m i n a r y  t e s t s  c o n d u c t e d ,  Ttie 
s e t - u p  p r o v i d e s  f o r  e v a l u a t i n g  t h e  e f f e c t  of c o n t r o l  o r i f i c e  s i z e  and 
c a p s u l e  g a s  volume.  E x t e n s i o n  v e l o c i t y ,  e x t e n s i o n  p r e s s u r e ,  and t o p  
t u b e  shock  a r e  a l s o  i n s t r u m e n t e d  t o  a l l o w  f o r  pe r fo rmance  e v a l u a t i o n .  
P r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h d t  t h e  r a n g  e i n  e x  t e n s i o n  v e l o c i t y  
o f  2 t o  11 f e e t  p e r  s econd  d e t e r m i n e d  from tile f cAt i c t fona l  m o d e l  t e s t s  
i s  a l s o  v a l i d  f o r  t h e  f u l l - s i z e  sys t em.  T e s t s  a r e  c o n t i n u i n g  t o  e u t a b -  

t h e  p r o p e r  c o n t r o l  o r i f i c e  d i a m e t e r  and t h e  e f f e c t  o f  v a r i a t i o n  i n  
a b l e  g a s  volume.  T e s t s  h a v e  d e m o n s t r a t e d  t h a t  t h e  t o p  t u b e  w i r i n g  
e d o e s  not t a n g l e  when extended  a f t e r  r e c y c l i n g .  

P r o t o t y p e  ?io. 1 will be ven ted  immcdiacc ly  upon e x t e n s i o n  t o  
naEe p r o l o n g e d  a x i a l  l o a d i n g  o f  t h e  a z i m u t h  drive b e a r i n g s  and t u  

p r e v e n t  p a s s i n g  Lhrougli p u s s i o l e  a r c i n g  p r e s s u r e s  d u r f n g  t r a n s m i t t e r  
t i p e r a t i o n .  The v e n t i n g  i s  accompl i shed  througll  a 1 /32  i n c h  d i a m e t e r  
? iole  i n  t h e  extensicyn t u b e  and l e a k a g e  p d s t  the s n a p  r i n g  j o i n t s .  
Should i t  s u b s e q u e n t l y  be d e c i d e d  t h a t  p r e s s u r e  i n t e g r i t y  be r e q u i r e d  
d f t c r  e x t e n s i o n ,  t h e  v e n t  coy  be e l i m i n a t e d  and n l i p  . y v i i I  u r  ot!r r 
low i r i c c i u n  s e a l  yysrrm d e v e l o p e d .  Huna-N and V i  1011-A "0" 1lfn:;s wi I : )  

s p e c i a l  l u b r i c a n t s  h'lve been  evaluated and found l o  g i v c  11iii 'c' I I i i ? ! c  
d c t i v n  nnd e x c e s s i v e  d r a g .  C o n v e n t i o n a l  t y p e s  o f  l t i : ) ~ i ~ . i ~  i o n  i.c:ii~i I L % ( '  

f o r  smooth o p e r a t i o n  of "0" R i n g s  mdy n o t  b e  u 8  e d a s  1 lie OI I 
f i l m  would d e g r a d a i c  t h e  r a d i a t i o n  c h a r a c t e r i s t i c A  of Lhe s i i r laccs  t ) i  

Lhe e x t e n s i o n  a n d  t s p  t i i b e s .  C o n s e q u e n t l y ,  "3" Kings v i l l  n o t  oe ui ied.  

-38- 
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All drawings for Prototype No. 1 have been released and 
fabrication has been initiated. Final machining operations have been 
completed on the first two sets of braze assemblies. The schedule for 
the braze structures had temporarily slipped as a result of an unsuit- 
able fit between the basic structures and the outer shells. This 
problem has now been solved. All additional structural elements, such 
as dummy components, battery cover plates, coupling rings, etc., have 
been fabricated and are available for fit check and installation (See 
Figure 1 4 ) .  

A Design Review of the first prototype payload structure has 
been conducted. Mention was made at that time of  using the electron 
beam process as a means for welding shut the draining and inspection 
ports after the final brazing operation to avoid producing excessive 
distortion. Results to date are still inconclusive and complete evalua- 
tion of this process would necessitate further testing with this tightly 
scheduled device, which does not appear compatible with the program 
schedule. 

An inquiry has been made into an electrolyzing process to 
determine its utility in preventing deleterious effects such as galling 
action between aluminum parts, especially at threaded joints. Electro- 
lyzing is a proprietary process which is primarily a deposition of a 
hard chromium plate onto parts requiring protection. Subsequent to this 
investigation, it was decided that a chromium/chromium couple is not as 
desirable as a cadmium/cadmium nickel interface. The latter will be 
used on the threaded cap of the lower braze assembly. 

The structural gussets within the electronic compartment of  
the upper braze assembly are no longer necessary since the electronic 
packaging design provides structural boxes with end plates. These 
gussets will be eliminated from future structures simplifying the 
machining operation. 

A structural analysis of the dummy transmitter has been 
performed to determine the stress levels and critical zones of the 
housing and to predict deformations which may.occur during impact. 
The results indicate a satisfactory margin of safety of approximately 
120 percent. The expected deflections are 0 . 0 2 4  inch for the battery 
cover p l a t e  subjected to the weight of t h e  batttlries during impact and 

, 0 .0012 inch radially at the thinnest section of  the outer wall of  the 
transmitter housing should the peak impact pressure occur in that 
general vicinity. 

I -41 - 
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The d e s i g n  of  t h e  p a y l o a d  s t r u c t u r e  i n c l u d e s  t h e  u s e  o f  "0" 
R i n g s  made of Runa-N r u b b e r  m a t e r i a l .  T h e s e  "0" R i n g s  come i n t o  
i n t i m a t e  c o n t a c t  w i t h  t h e  f l o t a t i o n  f l u i d  and h e n c e  t h e  c h o i c e  o f  
m a t e r i a l  i s  o f  v i t a l  c o n c e r n .  A t e s t  i s  now i n  p r o g r e s s  t o  d e t e r m i n e  
t h e  e f f e c t s  o f  l o n g  t i m e  immersion i n  f l o t a t i o n  f l u i d .  P r e s e n t  d a t a  
t h u s  f a r  a p p e a r s  t o  j u s t i f y  t h e  u s e  of Buna-N. 

4.5 SIGNAL AND SYNCHRONIZATION ELECTRONICS 

A n  i n f o r m a l  Des ign  Review h a s  been h e l d  on t h e  s i g n a l  
e l e c t r o n i c s  a t  which t ime t h e  d e s i g n  and p e r f o r m a n c e  c h a r a c t e r i s t i c s  
w c ' r e  r e v i e w e d .  A b r e a d b o a r d  h a s  been comple t ed  and t e s t e d  and meets 
a l l  r e q u i r e m e n t s  of t h e  d e s i g n  s p e c i f i c a t i o n s .  

A s y s t e m  c o m p a t i b i l i t y  t e s t  o f  t h e , s i g n a l  e l e c t r o n i c s  w i t h  
t h e  s e n s o r / p r e a m p l i f i e r  i s  now b e i n g  c o n d u c t e d .  F i g u r e  15 d i s p l a y s  
t h e  o v e r a l l  r e s p o n s e  o f  t h e  s i g n a l  e l e c t r o n i c s  t o  a chopped DC i n p u t  
I n  t h e  s y n c h r o n o u s  d e m o d u l a t i o n  mode, 45 d b  dynamic r a n g e  h a s  been 
a c h i e v e d  w i t h  good l i n e a r i t y .  The demodula tor  i s  f a i l - s a f e  a g a i n s t  
l o s s  of  t h e  r e f e r e n c e  s i g n a l  by f u n c t i o n i n g  2 s  a n  e n v e l o p e  d e t e c t o r .  
Per formance  i s  deg raded  b u t  ~ i s e f u l  p i c t u r e  d e t a i l  would s t i l l  be 
t r ansmi  t t e d  . 

A simp1 i f  i e d  s i g n a l  e l e c  t r o n i c s  c i r c u i t  h a s  been c o n c e i v e d  
which w i l l  e l i m i n a t e  a s i g n i f i L a n t  numler of components t o  p o t e n t i a l l y  
i n c r e a s e  o v e r a l l  r e l i a b i l i t y  and minimize s i z e ,  w e i g h t  and power c o n -  
s u m p t i o n .  T h i s  new c i r c u i t  i s  b e i n g  t e s t e d  and e v a l u a t e d  t o  d e t e r m i n e  
how w e l l  i t  m e e t s  pe r fo rmance  r e q u i r e m e n t s  for t h e  s i g n a l  e l e c t r o n i c s .  

4 . 6  MOTOR DRIVE ELECTRONICS 

An i n f o r m a l  Des ign  Review h a s  been h e l d  o n  t h e  motor  d r i v e  
e l e c t r o n i c s  a t  which t i m e  t h e  d e s i g n  and p e r f o r m a n c e  c h a r a c t e r i s t i c s  
were r e v i e w e d .  A b r e a d b o a r d  h a s  been l o a n e d  t o  t h e  moto r  m a n u f a c t u r e r .  
I t  now a p p e a r s  t h a t  some r e d e s i g n  w i l l  be r e q u i r e d  t o  s u p p l y  h i g h e r  
power ,  s i n u s o i d a l  waveforms and b a l a n c e d  o u t p u t s .  T h i s  e f f o r t  i s  
ciirren;!y i n  p r o g r e s s .  

4 . 7  GROUND REPRODUCTION SYSTEM 

The b r e a d b o a r d  ground r e p r o d u c e r  r e c o n d i t i o n i n g  t a s k  c o v e r s  
t h ree  areas of i n t e r e s t .  These areas c o n s i s t  of the mechanical,  
e l e c t r o n i c  ,and o p t i c a l  subsys t ems  of t h e  u n i t  (See F i g u r e  169 
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( 2 )  O b t a i n  a sys t em of  low n s t i i r a l  f i - equency .  
A l l  s p u r i u u s  and unwanted p e r t u r b a t i o n s  
above  t h i s  f r e q u e n c y  would t l i  e n b e 
a t t e n u a t e d  . 

The second  o f  t h e s e  two methods  was a t t e m p t e d  f i r s t .  F o r  a n y  s y s t e m  
w h o ' s  t r a n s f e r  f u n c t i o n  i s  c l a s s i f i e d  a s  a q u a d r i c  l o g  n e t w o r k ,  t h e  
n a t u r a l  f r e q u e n c y  f n ,  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  s q u a r e  root of 
t h e  r o t a t i o n a l  med ia ,  J .  T h e r e f o r e ,  i f  J i s  i n c r e a s e d  by 100,  f n  w i l l  
be d e c r e a s e d  by 100% = 10.  
t i o n a l  to f, and would be d e c r e a s e d  by t h e  same magn i tude  u n d e r  t h e s e  
c o n d i t i o n s .  

A l s o  the  damping f a c ' t o r  i s  d i r e c t l y  p r o p o r -  

The i n e r t i a  W ; ~ . Z  i n c r e a s e d  by a d d i n g  h,.llnnced l ead  w e i g h t s  t o  
the  drum d r i v i n g  dis l : .  T h i s  . ic t icm d r o v e  in t o  < i p p r o x i m a t e l y  13 c y c l e s  
p e r  second ( p r e v i o u s l u  in '-It C: 'CLC'S  p e r  s ~ ~ c ~ ~ n d ) .  

A:- J c ~ r : ! ; 7 , i r i s o n ,  tlie L : l  b e \ r c 1  sear ,in2 3 6 :  1 s p i r o i d ; w o r n  
n e a r  ciriAnngenenL  as r c ~ i n s t a l l e d  i n  p l a c e  cf tile 7 2  :1 s p e e d  r e d u c e r .  
A t l i i r d  f i l m  i e s i  vCis made stid i; was ns t t -d  ~ I i a t  tile , impl i tadc  o f  t:ie 
hich frequent:,. (16  c y c l e s  p e r  siarcmd) c h a t t e r  was g r e a t e l -  h e r e  iiian 
w i t  I s p u r  g e a r  d r i v e  a s  used on the  .,ccond fi lrn t e s t .  ( A  l o w  n a t u r a l  
f r e q u e n c y  cond i  ( . ion  J s i n g  t ! i i s  d r i v e  cou ld  iiot be meclianized a s  t h e  
s p i r o i d / w o r m  c o u l d  n o t  h a n d l e  t h e  g r e a t e r  t o r q u e  loac! ttia t acconpan-  
i e s  i n c r e a s e d  i n e r i i a . )  

It was b e l i e v e d  r h a t  t h e  r e s u l t s  s o  f a r  o 5 t a i n e d  c o u l d  be 
g r e a t l y  enhanced i f  t h e  s y s t e m  damping c o u l d  be g r e a t l y  i n c r e a s e d  
throug: i  a v i s c o ~ ~ s  coup:  i n g  be twee l l  t'rlr u u t p u t  g e d i  box <iri i i  tile c i  t urn 
s h a f t .  V i scous  c o u p l i n g  would p i - t ~ l ~  c e  the r e q u i r e d  r e s u l t s ,  b u t  
i m p l e m e n t a t i o n  o f  s u c h  a n  i t e m  was c o n s i d e r e d  too  much of  problem 
f o r  t h i s  s y s t e m .  T h e r e t o r e ,  '1 v i s c a u s  d r a g  b r a k e  w n s  d e s i g n e d  and 
i n s t a l l e d  on tile d r E m  d r i v e  s h a f t .  T n i s  :)rake c o n s i s t s  ~i two 
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Nhen t h e  d i f f u s e r  was removed ( i t  d o e s  n o t  p r o v i d e  t h e  e v e n  
i l l i J m i n a t i o n  r e q u i r e d )  no  e f f e c  t was n o t e d .  The i n c r e a s e d  l i g h t  level  
c a u s e d  " f l a r i n g "  of t h e  p r o j e c t e u  image .  This f l a r i n g  which i s  thought t o  
be due t o  d e f r a c t i o n  o f  t11e l i g h t  by t h e  J p e r t u r e  cL io ld  n o t  b e  r educed  
by a d d i n g  l i g h t  b a f f l e s  o r  changing o b j e c t i v e  l e n s e s .  The problem was 
s o l v e d  ( o r  g r e a d l y  r educed)  by a d d i n g  a c o n d e n s i n g  l e n s  be tween t h e  
l i g h t  s w r c e  and t h e  a p e r t u r e .  T h i s  l e n s  images a m a g n i f i e d  
r educed  l e v e l  c r a t e r  o n t o  t h e  a p e r t u r e .  T h i s  t e c h n i q u e  a p p r o x i m a t e s  
some o f  t h e  r e s u l t s  t h a t  W J U ~ ~  be o b t a i n a b l e  from a c o l l i m a t e d  l i g h t  
s o u r c e .  .41so, by p l a c i n g  the glow tube c r a t e r  inside t h e  f o c a l  p o i n t  o f  
t h e  c o n d e n s i n g  l e n s ,  a u n i f o r m l y  i l l u m i n a t e d  i n a g e  i s  o b t a i n e d .  The 
o p t i c a l  e l e m e n t s  h a v e  been r e -a s sembled  i n t o  t h e  c o n f i g u r a t i o n  shown i n  
F i g u r e  13 .  

O t h e r  techt i iqt icb,  < (  ;, < I S  a d o u b l e  imaging s y s t e m ,  were t r i e d  
i n  a n  e f f o r t  t o  o b t a l n  even  i i l , 4 r , i n , i t i o n  and s e v e r a l  w e e k ' s  t i m e  was 
consumed i n  e x p e r i m e n t a t i o n  and a d j u s t i n g .  Also ,  a d d i t i o n a l  lens mounts  
and b a f f l e s  were m a n u f a c t u r e d  and g i v e n  d u l l  b l a c k  f i n i s h e s .  

The 133:l dynamic r a n g e  f e a t u r e  t h a t  h a s  been  s t a t e d  a s  a 
s y s t e m  g o a l  h a s  j u s t i f i e d  c l o s e r  e x a m i n a t i o n  o f  t h e  corrponent p a r t s  o f  
t h e  o p t i c a l  s y s t e m .  T h i s  e x a n i n a t i o n  has  r e v e a l e d  t;ie f o l l o w i n g  new 
f a c t s .  

(1)  The r ed  c o l o r  o u t p a t  o f  t he  RB 1130R/lB59 
glow m o d u l a t o r  i s  no t  l i n e a r  w i t h  p u l s e  
w i d t h .  

( 2 )  The b l u e  c o l o r  l i g h t  o u t p u t  o f  t h i s  t u b e  i s  
l i n e a r  and a 13O:l dynamic r< inge  a p p e a r s  
f e a s i b l e .  

( 3 )  Due t o  (1 )  and ( 2 ) ,  b l u e  f i l t e r i n g  w i t h  
a t t e n d a n t  l i g h t  l o s s  w i l l  be  n e c e s s a r y  due  
t o  the panchromat i c  n a t u r e  of  t h e  f i l n .  
A l s o ,  a m a j o r  p o r t i o n  of t h e  v i s i b l e  l i g h t  
s p e c t r u m  l i e s  i n  t h e  r ed  r e g i o n  and would 
domina te  i n  a n  u n f i l t e r e d  s i t u a c i o n .  

( 4 )  Due t o  f i l t e r i n g ,  i n c r e a s e d  l i g h t  l e v e l s  
will be r e q u i r e d  and " f l a r i n g "  o f  t h e  p r o -  
j e c t e d  i m g e  i s  p r e d i c t e d .  ( F l a r i n g  was 
u n d o u b t e d l y  p r e s e n t  i n  t h e  p r e v i o u s  s y s  tem, 
b u t  heavy  n e u t r a l  d e n s i t y  f i l t e r i n g  r educed  
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Some work i s  s t i l l  r e q u i r e d  t o  cdnduc t  f u r t h e r  f i l m  t e s t s  t o  e 

e s t a b l i s h  d e v e l o p i n g  t e c h n i q u t ' s .  In a d d i t i o n ,  some e f f o r t  i s  b e i n g  s p e n t  
t o  e s t a b l i s h  a s a t i s f a c t o r y  method o f  s e c u r i n q  th t ,  11" x 2 2 "  f i l m  t o  t h e  
drum. F i n a l  t e s t i n g  w i l l  i n c l u d e  r e m a k i n g  p i c t u r e s  t h a t  were r e c o r d e d  on 
t a p e  d u r i n g  t h e  High l ? t ~ s o l u t i o n  F a c s i m i l e  f e a s i b i l i t y  p rogram.  

4 . 8  P O R T I N G  MECHANISM . 
The second  phase  p o r t i n g  t e s t  h a s  been c o m p l e t e d .  T h i s  t e s t  

was c o n d u c t e d  u t i l i z i n g  a r e d e s i g n e d  c u t t e r ,  a sea l  s t r u c t u r e ,  and h i g h  
s t r e n g t h  b o l t s ,  (See p r e v i o u s  bimonth1.y r e p o r t ) .  The t e s t  p roceeded  
i n  a c c o r d a n c e  w i t h  t h e  t e s t  p l a n  and no d i f f i c u l t i e s  were o b s e r v e d .  
Immedia t e ly  f o l l o w i n g  i n i t i a t i o n ,  two s i m u l t a n e o u s  e v e n t s  o c c u r e d .  
F i r s t ,  t h e  s p h e r e  commenced t a  r i s e  i n t o  t h e  a i r .  P r i o r  t o  r e a c h i n g  i t s  
maximum h e i g h t  of 1 0 . 5  i n c h e s ,  t h e  b a l s a  segmen t s  and s k i n  i n  l i n e  w i t h  
t h e  p r o j e c t e d  c e n t e r l i n e  ( o r  a x i s  o f  t r a v e l )  o f  t h e  c u t t e r  moved o u t  from 
t h e  r e m a i n d e r  of t h e  l i m i t e r .  The s p h e r e  t h e n  c o n t i n u e d  t o  r i s e  and 
f i n a l l y  came t o  r e s t  on t h e  n i n e  i n c h  f l a t .  F i g u r e  20 shows t h e  com- 
p l e t e  s p h e r e  i m m e d i a t e l y  a f t e r  t h e  f i r i n g ,  while  F i g u r e s  2 1  and  2 2  are  
of t h e  g u n / l o w e r  s p h e r e  a s sembly  and t h e  uppe r  s p h e r e  (showing p o i n t  of 
e n t r y  of t h e  c u t t e r )  r e s p e c t i v e l y .  A s  c a n  be s e e n  i n  F i g u r e  2 1 ,  t h e  
i n n e r  b a r r e l  was p h y s i c a l l y  d i s e n g a g e d  from t h e  t h r e a d e d  s e c t i o n  o f  t h e  
t h r u s t  r i n g .  The e x p l o s i v e  fclrce had a l s o  s t r i p p e d  t h e  t h r e a d s  o f  
scavernl ( 6 )  n u t s  3 n  t h e  h i g h  s t r e n g t h  b o l t s  and a l l o w e d  t h e  o u t e r  b a r r e l  
t o  s e p a r a t e  from t h e  t h r u s t  r i n g .  

The c u t t e r  was o b s ~ r v r d  t t ?  have c a n t e d  2 5  d e g r e e s  d u r i n g  t h e  
f i r i n g  s t ' quence .  T h i e e  p o s s i b l e  e x p l < i n a t i o n s  t ' x i S t  l o r  t h i s ,  and v e r y  
p r o b a b l v  a l l  contributed t o  the, a c t .  I n i t i a l l y ,  t h e  b o l t  dnd n u t s  
d i seng< igcd  by  v i r t u t  01 s t r ; p p i n g  t h e  t h r e a d s  and a l l o & j i n g  t h e  o u t e r  
v a l v e  t o  t u r n  due t o  t h e  c x p l ~ s i v e  fc.rce.  T h i s  t u r n i n g  a c t i o n  l i k e w i s e  
t u r n e d  t h e  s l i p  f i t  c u t t e r  i n i t i d l l y .  The  second  p r o b a b l e  c a u s e  was t h e  
i n n e r  b d r r e l  h i t t i n g  t h e  r e a r  pt t h e  c u t t e r  afLt:r t h c  c u t t e r  h a s  s e p a r a t e d  
from t h e  b a r r e l .  A n  nbrdSi\ ,e  o r  impact p o i n t  was o b s e r v e d  on t h e  b a s e  of 
t h e  c u t t e r  which c ~ ) i n c i d e s  w i t h  a mark o n  t h e  uppe r  l i p  of  t h e  i n n e r  
b a r r e  1 .  

A f u r t h e r  possible c a u s e  <>f c u t t e r  d e f l e c t i o n  was o b s e r v e d  
upon rcxmdviiig t h e  c u t t e r  f r o m  its 10gc.d p o s i t i d n  i n  t h e  impac t  l i m i t e r .  

- 5 3 -  
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S e v e r a l  t h i c k n e s s e s  of  t h e  f l o t a t i o n  f l u i d  s h e l l  m a t e r i a l  ( f i g e r g l a s s )  
were c u r l e d  a round t h e  o u t e r  diameter o €  t h e  c u t t e r  and  wt're s t i l l  
a t t a c h e d  t o  t h e  f l o t a t i o n  s h e l l  r a the r  than  c u t  t h r o u g h  a s  o b s e r v e d  
a round  t h e  r ema inde r  of  t h e  c u t t e r  edge. Thesc  d t t a c h c d  f i b e r s  were 
on  t h e  p i v o t a l  s i d e  of t h e  c u t t e r .  I t  a p p e a r s  f e a s i b l e  t h a t  a f l o t a -  
t i o n  s h e l l  w i t h  l o c a l i z e d  hdrd  o r  f i b e r o u s  s p o t s  c o u l d  c a u s e  t h e  c u t t e r  
t o  d e f l e c t .  

The c o n c l u s i o n s  r eached  a s  a r e s u l t  o f  t h e  f i r s t  and  second 
phase  t es t s  a re  as  l i s t e d  below: 

( 1 )  A h i g h  v e l o c i t y  p r o j e c t i l e  which  d e c e l e r a -  
t es  w h i l e  p e n e t r a t i n g  f i b e r g l a s s  and  b a l s a  
wood i m p a r t s  upward l i f t  t o  t h e  s p h e r e  
( t h i s  l i f t  h a s  p r e v i o u s l y  been r e f e r r e d  t o  
as  b o u n c e ) .  

( 2 )  Pay load  l i f t  i s  u n d e s i r a b l e  i n  a sys t em 
s u c h  as LFC. ( I t  i s  assumed t h a t  some 
small b u t  u n d e f i n e d  amount o f  l i f t  c a n  b e  
t o l e r a t e d  b u t  t h i s  l i m i t  i s  a t  l eas t  a n  
o r d e r  o f  magni tude  l e s s  t h a n  t h a t  e x p e r i -  
enced  i n  t h e  two p o r t i n g  t e s t s  c o n d u c t e d . )  

( 3 )  A n  a l t e r n a t e  method o f  p o r t i n g  u t i l i z i n g  a 
low impu l se  d e v i c e  o n  a s p h e r e  which is  
e x t e r n a l l y  s t a b i l i z e d  on  t h e  l u n a r  t e r r a i n  
s h o u l d  be  d e v i s e d  a s  a p r e f e r a b l e  r e p l a c e -  
ment .  A p r o p o s a l  t o  accompl i sh  t h i s  end i s  
now in p r e p a r a t i o n  f o r  s u b m i t t a l  t o  J P L .  

4 . 9  TRANSMITTER 
# 

The t r a n s m i t t e r  e f f o r t  d u r i n g  t h i s  r e p o r t i n g  p e r i o d  was 
p r i m a r i l y  conce rned  w i t h  c o m p l e t i o n  o f  d rawings  and f a b r i c a t i o n  of  
t h e  mechan ica l  p a r t s  f o r  t h e  two p r o t o t y p e  t e s t  mode l s .  As of t h i s  
d a t e ,  all mechan ica l  d rawings  w i t h  the  e x c e p t i o n  of t h e  o v e r a l l  
c h a s s i s  o r  h o u s i n g  d rawing  have been comple t ed .  The h o u s i n g  d r a w i n ) ;  
i s  a b o u t  95 p e r c e n t  c o m p l e t e .  Fdo hous ings  and a s s o c i a t e d  small p a r t s  
have  been  f a b r i c a t e d  and p l a t e d  (See  F i g u r e  2 3 ) .  E l e c t r o n i c  f a b r i c a t i o n  
h a s  s t a r t e d  on t h e  c o i l  w ind ing  and component mount ing  boa rd  a s s e m b l y .  

A d e s i g n  r ev iew h a s  been  h e l d  on t h e  LFC t r a n s m i t t e r .  As a 
r e s u l t  of t h i s  r e v i e w ,  a n  a n a l y s i s  o f  a n t i c i p a t e d  d e f l e c t i o n  t o  t h e  

- 5 7 -  
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t r a n s m i t t e r  h o u s i n g  d u r i n g  impact  has  been  p r e p a r e d .  The r e s u l t  o f  
t h i s  e f f o r t  p r e d i c t s  a maximum d e f l e c t i o n  o f  0 . 0 2 4  i n c h  o f  t h e  b a t t e r y  
c o v e r  p l a t e  i n t o  t h e  d -c  s e c t i o n  o f  the t r a n s m i t t e r .  T h i s  d e f l e c t i o n  
i s  n o t  s u f f i c i e n t  t o  s h o r t  any w i r i n g  o r  components  and  w i l l  no t  c a u s e  
d e t u n i n g  b e c a u s e  of  l o c a t i o n  of  a l l  r - f  components  on  t h e  o p p o s i t e  s i d e  
o f  t h e  c e n t e r  web. A d e f l e c t i o n  o f  0 .0012 i n c h  of t h e  s i d e  walls is  
a l s o  p r e d i c t e d .  No problems a r e  a n t i c i p a t e d  w i t h  t h i s  d e f l e c t i o n  a s  
t h e r e  i s  a d e q u a t e  l e a d  l e n g t h  on  i n t e r w i r e d  components  t o  a b s o r b  t h e  
de  f l e c  t i o n ,  

Some c o n c e r n  h a s  been  e x p r e s s e d  a b o u t  t h e  d a n g e r  o f  a r c i n g  
i n  t h e  h i g h e r  power s t a g e s  d u r i n g  p o r t i n g  when c r i t i c a l  p r e s s u r e  is 
r e a c h e d .  Vacuum chamber t e s t s  a r e  b e i n g  s c h e d u l e d  t o  d e t e r m i n e  t h e  
magni tude  o f  t h i s  p rob lem.  I f  t h i s  does  p r e s e n t  a p rob lem,  c r i t i c a l  
component p l acemen t  may be changed  o r  t h e  t r a n s m i t t e r  t u r n - o n  d e l a y e d  
u n t i l  t h e  p o r t i n g  p r e s s u r e  h a s  been  r e d u c e d .  

A push-push  80 t o  160 MC f r equency  d o u b l e r  h a s  b e e n  a s sembled  
on  a b r e a d b o a r d  as a p o s s i b l e  r e p l a c e m e n t  f o r  t h e  pa ra l l e l  2N708 d o u b l e r  
now u s e d .  The p r e s e n t  d o u b l e r  p r o v i d e s  m a r g i n a l  160 MC d r i v e  f o r  t h e  
TA2267 l -wat t  s t a g e  which r e q u i r e s  forward  b i a s i n g  t o  p r o v i d e  s u f f i c i e n t  
g a i n  o v e r  t h e  e n t i r e  t e m p e r a t u r e  r a n g e .  I n c r e a s i n g  t h e  d r i v e  t o  t h e  
l - w a t t  s t a g e  would r e d u c e  t h e  amount o f  fo rward  b i a s  which  i n  t u r n  would 
r a i s e  t h e  e f f i c i e n c y  by o p e r a t i n g  more n e a r l y  Class C .  

The push-push 2N708 c i r c u i t  h a s  p r o v i d e d  a n  a d d i t i o n a l  1 . 6  db 
g a i n  r a i s i n g  t h e  160 MC d r i v e  from 160 t o  235 mw. S u b s t i t u t i n g  F a i r -  
c h i l d  2N2369's f o r  t h e  2N708's i n c r e a s e d  f o r  t h e  power o u t p u t  t o  390 mw 
which  i s  s u f f i c i e n t  t o  o p e r a t e  t h e  l -wat t  s t a g e  f u l l y  Class C w i t h  no 
f o r w a r d  b i a s .  F u r t h e r  i n v e s t i g a t i o n  i s  p l anned  for  t h e  2N2369's and 
shock q u a l i f i c a t i o n  w i l l  b e  c o n s i d e r e d .  I t  is a n t i c i p a t e d  t h a t  o v e r -  
a l l  t r a n s m i t t e r  e f f i c i e n c y  c o u l d  be  i n c r e a s e d  t o  15 p e r c e n t  by u s e  o f  
t h e  2N2369 i n  a push-push  d o u b l e r  c o n f i g u r a t i o n .  Compara t ive  80 t o  
160 MC d o u b l e r  c i r c u i t  d a t a  is shown i n  F i g u r e  24 .  
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SECTION 5 

QUALITY ASSURANCE 

5 .1 RELIABILITY 

F i n a l  Des ign  Reviews have  been per formed on t h e  az imuth  d r i v e  
a s s e m b l y ,  e x t e n s i o n  mechanism, t o p  tube  a s sembly ,  and t h e  s t r u c t u r e ;  and 
an i n i t i a l  r ev iew conduc ted  on t h e  LFC t r a n s m i t t e r .  No major  r e d e s i g n s  
were c o n s i d e r e d  n e c e s s a r y ,  however ,  s e v e r a l  m o d i f i c a t i o n s  were  i n c o r -  
p o r a t e d  t o  improve pe r fo rmance ,  r e l i a b i l i t y ,  o r  p r o d u c a b i l i t y  of  t h e  
a s s e m b l i e s .  

T e s t s  were per formed on components o f  t h e  LFC g e a r  box t o  
d e t e r m i n e  t h e  amount of a x i a l  f o r c e  r e q u i r e d  t o  c a u s e  s l i p p a g e  of  t h e  , 
s p u r  g e a r s  u n  t h e  s h a f t .  The t e s t  r e v e a l e d  t h a t  f o r c e  i n  e x c e s s  of 20 
pounds was r e q u i r e d  b e f o r e  s l i p p a g e  o c c u r r e d .  Th i s  i n d i c a t e s  t h a t  a 
c o n s i d e r a b l e  s a f e t y  margin  e x i s t s  and no  g e a r  s l i p p a g e  shou ld  be  a n t i -  
c i p a t e d  s i n c e  t he  e x p e c t e d  f o r c e  i n  t he  g e a r s  under  a 3000 g impact  i s  
a p p r o x i m a t e l y  one  pound.  

A t e s t  i s  i n  p r o g r e s s  t o  d e t e r m i n e  t h e  e f f e c t  LFC f l q t a t i o n  
f l u i d  would have  on t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  s e l e c t e d  "0" Ring 
m a t e r i a l s :  Buna-N, Viton-A and Neoprene. No d e l e t e r i o u s  e f f e c t s  o n  ' 

t h e  m d t e r i a l s  have  been o b s e r v e d  o r  measured a f t e r  momentary exposure  
to t h e  f l u i d .  A f t e r  t h r e e  w e e k s  of  immersion,  a s l i g h t  i n c r e a s e  i n  
t h e  c r o s s  s e c t i o n a l  d i a m e t e r  of a l l  specimens was measu red .  S i n c e  t h e  
"0" R i n g s  a r e  b e i n g  used o n l y  a s  s t a t i c  s e a i s ,  t h i s  s l i g h t  s w e l l i n g  w i i i  
no t  b e  d e t r i m e n t a l .  

An i n v e s t i g a t i o n  was conducted  t o  d e t e r m i n e  t h e  c o m p a t i b i l i t y  
o f  a d r y  l u b r i c a n t ,  mo1y')denum d i s u l f i d e ,  w i t h  LFC m a t e r i a l s .  T h i s  
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i n v e s t i g a t i o n  r e v e a l e d  t h a t  MoS2 w i l l  a c c e l e r a t e  c o r r o s i o n  o f  c e r t a i n  m e t a l s  
such  a s  cadmium i n  t h e  p r e s e n c e  of h igh  h u m i d i t y ;  however ,  i t  w i l l  no t  have  
d e t r i m e n t a l  e f f e c t s  i n  t h e  LFC a p p l i c a t i o n .  

E f f o r t  i s  c o n t i n u i n g  by t h e  components  s t a n d a r d s  s e c t i o n  i n  t h e  
s e l e c t i o n  and  r ev iew o f  component and  e l e c t r o n i c  ;Iai-ts ,  and i n  t h e  u p d a t i n g  
of  t h e  P r e f e r r e d  P a r t s  L i s t .  Of 148 p a r t  a p p l i c a t i o n s  r ev iewed ,  99 p a r t s  
have  been  on t h e  LFC o r  J P L  p r e f e r r e d  p a r t s  l i s t s ,  and 8 have  been  approved  
th rough  f a v o r a b l e  q u a l i f i c a t i o n  h i s t o r y  on e i t h e r  o t h e r  s p a c e  p r o j e c t s  or 
LFC component t e s t i n g .  T h i r t y - o n e  i t e m s  a r e  s t i l l  unde r  i n v e s t i g a t i o n .  

I n  l i e u  of a n  e x t e n s i v e  l i s t  of p r e f e r r e d  s e m i c o n d u c t o r  d e v i c e s  
d i r e c t l y  r e l a t e d  t o  LFC e n v i r o n m e n t s  and r e l i a b i l i t y  r e q u i r e m e n t s ,  semi-  
c o n d u c t o r  s e l e c t i o n  i s  c u r r e n t l y  b e i n g  g u i d e d  by t h e  LFC and  JPL p r e f e r r e d  
p a r t s  l i s t s ,  aikd by MIL-STD-7OlC. 

5 . 2  QUALITY CONTROL 

A r ev iew of  a l l  Nonconforming M a t e r i a l  R e p o r t s  w r i t t e n  t h u s  f a r  
d u r i n g  Phase  I h a s  been made t o  a s s u r e  t h a t  p r o p e r  e n g i n e e r i n g  d i s p o s i t i o n  
i s  b e i n g  accompl i shed  on  a l l  d i s c r e p a n t  i t e m s .  

A r ev iew o f  v e n d o r s ,  b e i n g  u t i l i z e d  d u r i n g  Phase  I ,  was made t o  
a s s u r e  t h a t  a l l  v e n d o r s  a r e  on t h e  Q u a l i t y  C o n t r o l  Approved Vendor l i s t .  

A c o n f e r e n c e  h a s  been  h e l d  w i t h  JPL p e r s o n n e l  f o r  t h e  pu rpose  o f  
d i s c u s s i n g  t h e  need  f o r  a M a t e r i a l  Review Board d u r i n g  Phase  I .  It was 
a g r e e d  t h a t  a M a t e r i a l  Review Board d u r i n g  Phase  I w i l l  n o t  be r e q u i r e d .  
The p r e s e n t  sys t em of  Q u a l i t y  C o n t r o l  document ing  a l l  d i s c r e p a n c i e s  and  
r e f e r r i n g  them t o  E n g i n e e r i n g  f o r  d i s p o s i t i o n  i s  m u t u a l l y  a c c e p t a b l e .  
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